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FOREWORD. 



Mineral resources are coming more and more into prominence as 
the basis upon which modem advance is built. Their adequate 
development is a matte]: of the first importance and public opinion 
will be called upon in increasing measure to shape the course of 
advance in this fimdamental field. As the general subject is not 
one of popular experience, this series of papers is imder preparation 
for the purpose of interpreting in nontechnical language the signifi- 
cant aspects of each resource of mineral origin, in anticipation of a 
growing demand for concise summations of technical knowledge in 
a form adapted to cuirent use. 

The two most important resource problems facing this country 
to-day concern the supply of energy (fuel and power) which imder- 
lies the employment of all raw materials, and the supply of fertilizers, 
which conditions the output and cost of food. This paper (Bulletin 
102, volume 1) is designed to present a constructive analysis of the 
energy situation in the United States, while its successor (Bulletin 
102, volimie 2) will be charged with a consideration of fertilizers in 
their bearing upon the food supply of the Nation. 

The Authors. 

August 1, 1918. 
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By Ghbstbb G. Gilbbbt and Josbfh E. PoaxiB, 
Of the Divmon of Minerdl Tedmoloqy, United States National Museum, 



GENERAL INTEODUCTION. 

Because it seems inevitable that sooner or later the energy re- 
sources of the United States must be employed more systematically 
and effectively than they have been in the past, this study has been 
made with a view toward setting forth a working plan for bettering 
the situation. This is done in the belief that the sustained conduct 
of the war and the future welfare of the country both demand con- 
sideration and action in respect to this matter. While it is commonly 
known that our present utilization of fuel is wasteful, it is not gen- 
erally appreciated how very serious and extensive this default has 
become, how many lines of progress the current practice in this 
field is blocking, and how distinctly and heavily the whole matter 
is contributing to the cost of living. While the color of sensational- 
ism is to be deprecated, the assertion can not be avoided that this 
coimtry has wi^in its reach the means for effecting a saving in the 
matter of its energy supply of well over a billion dollars a year. 
This paper points out those means. In this one direction alone lies 
a gain sufficient to recoup much of the expense of the Great War. 

Whatever the merits or demerits of the case may be, it is evident 
that this country is dependent upon an intricate interweaving of 
activities whereby each person is enabled to gain a livelihood by 
doing one thing instead of performing the whole range of activities 
dictated by his needs. Indeed, there is now no choice in the matter; 
the rapid growth of the machine technology has so increased the 
requirements of man and encouraged him in centralized living that 
the individual is no longer capable of filling his own wants. Instead, 
he must rely upon the modem industrial system, which is energized 

> This paper Includes much of the material preseated to Parts 4, 6, and e of BuHetm 102 of the United 
States National Museum under the titles, Coal: The resource and its full utilization; Power: Its slgnlfl- 
oanoe and needs; and Petroleum: A resource interpretation. 
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by mechanical power and therefore at bottom dependent upon the 
material sources of energy. And just as an individual charged with 
energy may be expected to attain success, so industrialism, to which 
the individual is subject, may likewise be counted on to achieve a 
favorable outcome, if only there arises no default in its energy sup- 
ply. Industrialism, or the cooperative gaining of a livelihood as it 
may be termed, has become an integral part of the social order and 
its basic needs concern not merely industrial activities but the pubhc 
interest as well. 

Industry employs raw materials," power, and labor, under the 
guidance of technological knowledge and in response to the activating 
influence of business enterprise. Both industry and society, in 
recognition of their common interest, have devoted considerable 
attention to labor, technology, and business enterprise; and even 
of late have gone to some pains to look into the matter of raw mate* 
rials, especially such as are bidding fair to run out. But the energy 
materials and the matter of their disposition are only to-day coming 
in for a share of attention as a separate item, although it is ques- 
tionable whether even yet the distinctiveness of this field and the 
highly specialized problems it brings up are sufficiently distinguished 
from the general run of economic issues. 

The energy resources — coal, oil, and water power — diflfer strikingly 
from the raw materials in general, although they are customarily 
grouped under this heading. In the first place they stand apart a» 
possessing a unique and strongly individualized mode of geological 
occurrence, which causes them to yield faultily under the type of 
economic exploitation foimd expedient for the normal raw materials. 
And in the second place they are brought into use chiefly as a means- 
to an end and therefore are primarily service materials, in contra- 
distinction to commodity materials. Representing mechanical laborr 
they hold in consequence a sort of halfway place between raw mate- 
rials proper and human labor. 

Because these distinctions have not been broadly apprehended^ 
and because, moreover, the course adopted offered the advantages of 
convenience and opportunism, the exploitation of the energy 
resources has been intrusted by common consent to the influence of 
the natural economic stimuli which activate normal industrial 
affairs. These stimuli, in contrast to their attainments elsewhere, 
have failed to create an adequate situation in this particular field, 
but owing to th6 fact that the energy materials do not carry through, 
so to speak, it comes about that the shortcomings of the matter do- 
not register in their own name, but translate themselves in terras of 
commodity cost, transportation expense, and other objective items 
distributed all down the industrial line until they fall ultimately 
upon the shoulders of the pubUc in disguised form. Thus the source of 
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the trouble is lost in a labyrinth of consequences. Hence it happens 
that advance in the entire field of fuel and power has been lagging far 
behind the march of progress, but not until the shock of war brought 
matters to a head has the delinquency been commonly perceived. 
The failure of the energy resources at a crucial moment is a measure 
of their arrears. Now that the results of their shortcomings are 
common notoriety, it becomes desirable to determine their deviations 
from the path of progress with a view to charting the shortest return. 
The energy resources of prime importance, imder present conditions, 
are coal, oil, and water power.^ In all three respects the United 
States is more amply provided than any other nation in the world. 
In the production of coal and oil, she takes the lead, turning out 
nearly one-half of the world's quota of coal and about two-thirds of 
the total output of petroleum. She fails of primacy, however, in 
respect to developed water power. An inventory of the energy 
situation in the United States, reduced to a per capita basis for ready 
visualization, stands as follows: 

Energy resaureea of the United States calculated to a per capita haeito 



Coal 

Petroleum 

Natural gas 

Watei' power (coal equivalent) 



CuneDt production 
(1917). 



6.4 tons 

8.4 barrels . . . 
0.8 ton coal ft. 
0.4 ton coal «. 



Used to date. 



laotons.. 
42 barrels. 

(«) 



Unused. 



35»000tons. 
70 barrels. 



(*). 



3.6-12 tons « ooal per year. 



• Gakulatlons are made on a basis of a p<mu]ation of 100,000,000 and the flfures are zlven in round nombars . 
Data on ooal and petroleum are from publloations of the United States Geological Survey. 

ft Rough estimate of ooal equivalent. 753,000,000 K cubic feet of natural gas was consumed in 1916. 
« Natural gas has been used so wastefQlly in the United States that the conventional coal equivalent of 
the total amount used to date would give a misleading idea of the service rendered. 

* Keaerve not open to close estimate, but a large fraction of the original supply Is already exhausted. 
« Rough estimate of ooal equivalent. 

• 

While the energy resources are used primarily for the generation of 
motive power, the situation is complicated by the range of lesser uses 
to whi(^ a considerable part of the energy is applied and by the 
commodity values and commodity possibilities contained in the 
energy materials, particularly in coal and oil. A clear comprehension 
of this circumstance is requisite to an imderstanding of the attain- 
ments and shortcomings in this field, and for this purpose the whole 
matter may be simplified and tabulated in a rough, generalized form, 
as follows : 



1 Wood, while significant. Is omitted from oonsideratlOB In this paper; natural gas, which for the time 
Mng ehjoyi quite aTOguein the United States, tastdctly a part of the petroleum nsouroe. Baa pages 
fiO-O. 
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The principal energy materials and their main ueee. 



Coal. 



Energy content (only small part extracted by present practloe). 



Power (about 

two-thirds of 

total coal and 

oil used for 

generation of 

power). 



Petroleom... 



Generation of 
steam. Gene- 
ration of elec- 
tricity. Manu- 
facture of gas 
used in inter- 
nal-combus- 
tion engine. 



Heat (in part 

derived from 

power). 



Lig^t (in part 

derived firom 

power). 



Commodity oon- 
tent (mostly on- 
Chemical worlc. as«d at present). 



Natural gas.. 



Water power 



(Gasoline for mo- 
tor use. Fuel- 
oil and crude 
petroleum for 
steam-ralslng. 
Kerosene for 
motor use. 

Used in internal 
combustion 
engine. Used 
for steam rais* 
ing. 

Generation of 
electricity. 



Domestic fuel 
(anthracite 
and bitumi- 
nous coal). 
Gas for heat- 
ing. Heat for 
Industri al 
processes; 
nearly one- 
sixth of total 
coal used as 
domestloftiel. 



Kerosene for do- 
mestic heat- 
ing. Heat for 
industrial 
processes. 



Domestic heat. 
Industrial 
heat in glass 
making, etc. 

Domestic heat- 
ing by eleo- 
trfcity. Elec- 
tric furnaces 
for metallur- 

Sical and 
lemicalwork. 



Electricity 
made from 
coal. Gas 
made from 
coal. 



I 



Reducing action 
of carbon in 
metallurgical 
operations. 
Nearly one- 
sixth of total 
coal made into 
coke is for iron 
production. 



Kerosene for 
lamps. Gas 
and electricity 
madefromgas 
oU. 



Gas lifting. 



Ammonia, ben- 
sol, and tar ex- 
tracted from 
about one- 
twelfth of total 
bituminous 
coal. Used as 
such and start- 
ing point for 
manufacture of 
fertilisers, 
drugs, dyes, 
chemicals, and 
other coal 
products. 

Lubricating oils, 
benzine, vase- 
line, aisphalt, 
parafBn wax, 
etc. 



Lampblack. 



Electric lifting. 



Electrochemical 
manufacture. 
Electrometal- 
lurglcal proc- 



Water. 



Thus each energy material is used for the generation of power, 
the production of heat, the furnishing of light; the accomplishment of 
chemical work, and the manufacture of important commodities. 
Although these applications are largely complementary, it has come 
about that the various demands are filled for the most part as inde- 
pendent units, without reference to the fact that the same original 
amount of material may be made to serve several functions as well as a 
single end. Accordingly one portion of our coal output is devoted 
to power generation, another to the production of domestic heat, a 
third to the manufacture of coke, a fourth to the making of city gas; 
one part of the petroleum supply is consumed in the crude or semi- 
crude condition as fuel, another part is partly refined, still another 
fraction is completely refined, and so on. Li general, the energy 
material is applied to the immediate purpose at hand, with no refer- 
ence to any other consideration. As a consequence of this unco* 
ordinated use a vast excess of coal and oil is consumed above the 
intrinsic requirement. 

Again, the energy sources, coal, oil, natural gas, and water power 
are to a great measure interchangeable; yet each possesses certain 
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individual and highly important specializations. Because of this 
first considetation, and without reference to the second, these four 
sources of energy have been exploited as competitors, the cheapest 
and most convenient one in any given instance being drawn upon. 
The lavish endowment of this country in all four respects has bounti- 
fully supported and encouraged this competition up to the present. 
Thus oil is used in the place of coal and water power; coal is doing 
its own duty and that of water power as well; natural gas is wasting 
in the crudest of appUcations. The very abundance of suppUes has 
made it unnecessary to take thought or care in their behdf. The 
advantages of resource endowment favoring this country have almost 
completely blocked progress in the field of fuel and power. 

The specific shortcomings on this score are several and register 
themselves under the heads of production, transportation, and utiliza- 
tion. An advance survey of the whole field may be given in a tabula^ 
tion of thei%nain points at issue; at the same time this will serve as a 
listing of the problems which the detailed matter to follow is designed 
to interpret. Thus : 

The economic ttatue of the principal energy reeourees of the United States. 



Coal. 



Petroleom..., 



Nattnalgas.. 
Wateipower. 



Production. 



Oveiprodactloo. Too many 
mines. No storage. Im- 
proper competition. 

Inappropriate leasing sys- 
tem. 

Inadequate application of 
technology. 



Oveipiodoction. Too man; 
wells. Improper compe 



8. 



tion (more seiioos than 
with coal). 
Inadequate appUcation of 
technology. 



Same as for petroleum. 



Transportation. 



Undne burden upon rail- 
ways due to hauling en- 
ergy in bulky form. 

No existing common carrier 
system for ooatgenerated 
electricity. 



SatisfMstory. 



Satisfactory. 



Underdevel<n)ed 

Legal restrictions. Unsuit- 
able flnanctal restrictions 
of high money rates. 



Satisfactory so far as deyel- 
oped. 



t7tilisatlon. 



Almost total waste of oom- 
modlty values due to con- 
sumption of raw coal. 

Great loss of enensy due to 
dlsoiganisod utilisation and 
surplus production. 

Needless use in place of wa- 
ter power. 

Waste of commodity values 
due to use of crude and 
semicrude petrolenm. 

Loss of enero^ due to fUoed 
overproduction. 

Needless use in place of coal 
and water power. 

Loss of energy due tb foroed 
overproduction. Neediest 
use m place of coal. 

Satisfactory so far as osed. 



The importance of tins whole matter is difficult to measure accu- 
rately or to apprehend fullji for not only is there a tremendous loss 
in needless labor and needless transportation as result of the back- 
ward status of affairs, but whole fields of activity of the utmost 
national importance have been retarded and even inhibited, while 
the more limited and highly specialized resources, petroleum and 
natural gas, have been brought to the verge of premature depletion. 
Something of the meaning of the situation may be presented in sum- 
marized form in a list of the important national problems that may 
be solved wholly or in part through the avenue of improvement in 
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the development of the energy resources of the country. Hiese 
include such fundamental issues as the problem of transportation, 
of national economic policy, of national industrial development, of 
national defense, of food supply, of electrochemical and electro- 
metallurgical developments, of the smoke nuisance, of the domestic- 
fuel supply, of industrial emigration, of petroleum exhaustion, of the 
gasoline supply, and of the high cost of Uving. 

The energy resource field in its entirety, therefore, is of prime im- 
portance, not only because of its size and scope, but also by virtue 
of its success in retarding aj^d blocking many radiating activities of 
far-reaching consequence. It is also, by the same token, complex 
and subtle, with its true meaning hidden by manifold details and the 
strong color of technical surroundings. It is scarcely possible to pre- 
sent such a subject so that the matter will be easy reading, but the 
attempt is made to show a dear and concise perspective, divorced so 
far as possible from technicalities and designed with the%Lterest of 
the average reader, rather than the expert, in mind. To this end the 
theme is broken into three parts. The first has to do with coal as it 
presents itself to the average householder in the guise of domestic 
fuel; the second deals with petroleum with particular reference to its 
famiUar product, gasoline; the third concerns itself with power, and 
therefore takes up bgth coal and water power from this common 
view. The various details will fall into place in this general scheme, 
while the conclusion wiU draw out the main issues and present a plan 
for attacking the problem of fuel and power in its entirety. 



PART I. 

DOMESTIC FUEL. 

INTRODUCTION. 

In spite of ample supplies in the ground, coal inadequately meets 
its obligations because of the competitive manner in which it is 
mined, the unnecessary extent to which it is transported, and the 
improper way in which it is used. The first has caused tremendous 
waste, the results of which will be felt heavily in the near future; 
the second has caused a coal shortage during the war and promises 
a repetition at every coming period of sudden industrial expansion; 
the third has imposed an excessive burden of cost upon the public. 
To prevent waste, to circumvent shortage, and to lower cost, changes 
in our system of coal economics are necessary. These changes must 
be determined by coal itself — ^by the nature of its geographic distri- 
bution, geologic occurrence, mining technology, and chemical com- 
position. It is the purpose of this study to draw from the considera- 
tions enumerated — ^from an analysis of the resource — an expression 
of the directions which these changes should take. As the most 
significant deficiencies are inherent in the utilization of coal, the sub- 
ject will be approached from that point of view. 

THE PROBLEM OF SMOKELESS DOMESTIC FUEL. 

The United States in 1917 produced in round numbers 640 million 
tons of coal. About one-seventh of this, or 90 million tons, was 
anthracite, while the rest was bituminous coal of various grades. The 
anthracite came from a small area of less than 500 square miles 
in Pennsylvania; the .bituminous supply, from 30 States, with 
Pennsylvania, West Virginia, Illinois, and Ohio contributing about 
three-fourths of the total. Anthracite is hard coal, of uniformly high 
heating value, and bums without smoke; it is relatively costly to 
mine and prepare; it is regarded as the ideal fuel for the American 
home. Bituminous coal is soft coal, of slightly lower thermal value 
in the raw state as compared with anthracite,^ and bums with the 
production of black smoke; it is cheaper to mine and to prepare than 
anthracite; it constitutes the dominant fuel dependency of American 

1 True in the aTerage only; the highest-rank bituminous coal has a heating value greater than that of 
anthracite. 

7 
799(58**— 19— Bull. 102, vol. 1 2 
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industry and commerce, and is used in American homes that can not 
afford anthracite. Vast quantities of coal lower in grade than 
bituminous, such as lignite and peat,^ occur in many parts of the 
United States, but these as yet are practically untouched. 

Coal as now used fulfills three distinct and unrelated functions. It 
furnishes industrial power, material for the manufacture of coal 
products, and domestic heat.' About two-thirds of the coal con- 
sumed in the United States goes into the production of power which 
is divided almost equaUy between the industries and the transporta- 
tion systems; about one-sixth is used as a raw material for making 
substances employed industrially, such as metaUurgical coke, upon 
which the iron industry depends, and gas, nitrogen compounds, 
benzol,* tar, and coal-tar products. One-sixth approximately is 
employed for heating homes and other buildings. It will be observed, 
then, that the combined industrial requirements outweigh the needs 
of the home five to one. 

This threefold function of coal involves the element of competi- 
tion, which is latent in normal times^ but becomes effective in periods 
of stress. War conditions in America developed in acute form the 
inevitable consequence of this competitive tendency, a shortage of 
fuel for domestic heating.^ Industrial users of coal are strong and 
preponderant; they can meet a growing cost by passing it on to the 
consuming public in the form of higher prices ; and in cases of short- 
age they are normally given precedence in distribution. Domestic 
users of coal, on the contrary, are scattered and weak; in general 
they must accept what is left after the wants of industry are 
satisfied. The home, therefore, is forced to pay a price developed 
by the industrial demand, or else, if the price be artificially fixed, 
suffer more than its relative share of the shortage which the expanded 
demands of industry create. This condition was not peculiar to the 
war situation, though never before, of course, so gravely manifest; 
it is inherent in our present system of fuel utilization, which if un- 
changed may be expected to display a repetition during every future 
period of industrial quickening. Moreover, the growth of industrial- 
ism, by increasing the industrial consumption in respect to the domes- 
tic, will serve to make the danger progressively more serious. 

The competitive tendency that now obtains between the three 
main uses of coal is not justifiable on the basis of the character of 
coal itself. On the contrary, these functions, at present antagonistic, 

1 Peat l8 not striotly a ooal In the ooaunerdal senae, though it reprosents one of the first stages In ooal 
formation, 
s Coal, of oouTse, Is used for other spedflo purposes, bat these are of seoondarj Importance. 
• Bensol is the light oil often included In the term coal-tar. 
i This shortage, indeed, has been so great as to extend into industry also. 
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are fundamentally complementary, and they can be made so in 
practice to their common advantage, in respect both to yielding 
cheaper products to all interests as well as to imparting a stability 
and elasticity to the supply that wiU better enable it to weather 
periods of stress. In the ideal utilization of coal, the domestic and 
commodity uses will be completely complementary, while the power 
use will supplement the other two. Each will ben^t from the others, 
and no one can be adequately developed without the participation 
of the other two. The means whereby this advantageous coopera- 
tion may be effected are feasible and within the reach of an immediate 
start toward realization. 

Even with the utmost accomplishment in the direction of full, 
coordinated utilization of coal, however, there will still remain the 
dominant claim of power generation, involving by its size an undue 
tax upon the transportation facilities of the country. This persisting 
characteristic of present usage, with all its potency for evil conse- 
quences, can be alleviated through the development of a power 
resource more mobile than coal, which will relieve the railroads of 
part of their coal-hauling responsibility. Such a resource is at hand 
in the form of hydroelectric power, as yet hardly touched in this 
oountry; and the bearing upon the coal situation, and especially 
upon its transportation aspects, that a proper utilization of this 
source of power would have, is treated in Part 3 of this paper.* 
The adequate development of water-power would not only relieve 
an imnecessary reliance upon our transportation systems, but it 
would also reduce the power use of coal to a portion more amenable 
to smooth coordination with the parts employed in the coal-products 
industries and the home. 

The point of logical attack upon the coal problem, then, centers 
in the home, for here lies the greatest weakness in the present system 
of coal utilization. It is in the home that conditions are the most 
discomforting in times of stress, that trouble, whether it be of high 
price or actual shortage, has the least chance of remedy by industrial 
enterprise. The problem, too, finds its closest contact with the 
individual in the affairs of everyday life; and its complexities may 
be reduced to their simplest expression in terms of this point of view. 
But it should be clear that although the line of advance may start 
with changes that benefit the individual user of coal, the course of 
progress brings no less advantage to the field of industry. The 
whole matter, however, concerns the individual directly and fore- 
most; he will be the gainer or loser according to whether or not he 
sees fit to interest himself in the means for effecting the progress 

> See page 103. 
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not merely needed, but absolutely essential, to the wdl-being of 
the immediate future. 

Approachiog the coal problem from the point of view of the do- 
mestic user, we find that the homes of the country are insistent upon 
anthracitCi in so far as its use is not precluded by expense or exces- 
sive distance from the area of production in Pennsylvania* Thus 
the entire northeastern part of the country is entirely, and contiguous 
territory as far west as St. Paul and as far south as Atlanta, is partly, 
dependent upon what is popularly termed hard coal. As is well 
known, this is due to the twofold fact that anthracite is clean, both 
in handling and in its smokeless combustion, and its heating effect 
is imiform and high. It is needless to add that the dependency 
developed because a coal resource of this type was present in a popu- 
lous and accessible part of the country. 

But anthracite is a luxury. It combmes refinements of quality 
with limitations of supply— the characteristics of every luxury. Its 
cost of production is approximately twice that of bituminous coal; ^ 
it emanates from one region only, a district of heavy freights; it has 
no capabihty toward yielding by-products to modify its cost; besides, 
a big fraction of the available supply is already exhausted. Its 
domestic use may be continued as a luxury, but anthracite must be 
dismissed as not equal, or adapted, to the task of supplying the 
American home. 

The home, therefore, independently of its wishes in the matter, 
must turn to bituminous coal for its fuel dependency. There is no 
alternative. Already this has happened to a partial extent; war con- 
ditions have accelerated the change; the future demands it more com- 
pletely. The advantages of bituminous coal are well known — its 
relative cheapness, its wide distribution, its ample reserves,* the 
possibiHty ©^improved utilization. But there is one grave objection 
to the use of bituminous coal — ^its dirtiness. This is a valid objec- 
tion. Burned in the raw condition, it gives off dense, black smoke 
which dirties the home, pollutes the atmosphere, and becomes the 
implacable enemy of civic betterment as well as a menace to the 
health of the city dweller. Such a result can not be countenanced.* 
It so happens, however, that smoke represents the most concentrated 
value in bituminous coal. If we can extract this value and use it 
toward reducing the cost of fuel, at the same time making a smoke- 

> Respooaible for this is a compUoated geological oocuxrenoe, involving folded strata, depth, water, and 
assoclatlaa with thin seams of slate, as contrasted with the average flat, cloee-to-thewRirface heds of bitu- 
znlnoasooal. 

1 1^88 than 1 per cent of the bituminous coal of the country has been uaed. 

* Furnaces which consume the smoke are in use, but they have made no impression on the general stto- 
ation; they can not meet universal acceptance, because they throw the smoke on the debit aide of the 
balance sheet, instead of Into its true position, the credit side. 
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less product for heating use, the sole objection will be turned into 
an advantage, and the domestic fuel problem will be solved. 

In 1915, before the price of coal was enhanced by war conditions, 
the average value of bituminous coal at the mine was $1.13 a ton. 
By way of contrast, we may tabulate the latent values contained in 
an average ton of raw coal, giving the figures in round numbers and 
basing the calculations on prices prevailing in 1915. 

Balance sheet showing contrast between value of 1 ton of bitwrninotis coal at mine and 
value of products which it contains, based on conditions prevailing in 1915. The con- 
trast is greater to-day. 



1 ton (2>000 pounds) bitumlnoos coal contains 



Total. 



Value 

at 
mine, 



Quantity. 



11.13 



dl.l3 



I 



l,fiOO pounds smokeless fuel 

10,000 cubic feet gas, at 90 cents per 1,000. . 
23 pounds ammooium 8ulpbate,at 2.8oonts. 

3} gallons benzol, at 80 cents 

9 gallons tar, at 2.0 cents 



Value 
at point 
of pro- 
duction, 

191& 



a 16. 00 

»9.00 

.61 

e.76 

C.23 



15.60 



• Figure based upon approximate selling price of anthracite. 
» Figure based upon average price of city gas. 

e Tbese figures would be much higber if an adequate ooal-prodnots industry were in existence. 
d This figure shows dearly that lowering the cost of production can not be expected to lower the price 
of ooal. Ihran if the cost or produetiaa were eUminated, the price of coal would merely be a dollar less. 

Obviously, there should be a way for the home to get its fuel more 
cheaply than it has, when a ton of coal selling at about SI at the mine 
contains about $14 worth of commodities useful to society. 

One answer to how these values may be got in full from coal 
lies in the development of artificial anthracite. The accomplishment 
depends merely upon the establishment of a process which will iso- 
late the solid-fuel portion of bituminous coal in the form of a sub- 
stance equivalent to anthracite, and produce from the remainder a 
niimber of products whose value could be made to more than carry 
the expense of the operation. Nature has pointed the way with 
natural anthracite, which was originally bituminous coal, but has 
subsequently, under the stress of geological evolution, lost its vola- 
tile portions, forced out by the action of pressure and heat. It is 
merely a matter of accomplishing a similar result by artificial means, 
but with the important advantage that while nature dissipated the 
volatile constituents and produced only one end product, man could 
catch these values and turn them to his advantage. There are no 
insuperable difficulties in the way of such an accomplishment. Sev- 
eral processes capable of this attainment are already in course of 
development, although comparatively little organized research has 
been (Urected to the problem. An intensive attack, such as the im- 
portance of the matter deserves, would unquestionably yield an en- 
tirely satisfactory procedure. The problem, in reality, is rather one 
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of economics than of technology. When the need for artificial anthra- 
cite is generally appreciated, a suitable process for its manufacture 
will be forthcoming.* 

Granted the necessity for a smokeless fuel other than anthracite 
and recognizing that it is chemically feasible to make such a product 
from bituminous coal, we may examine the existing economic prac- 
tice that bears on this matter, with a view to ascertaining at what 
place, if any, a process as outlined above may be introduced and 
placed on a worldng commercial basis. 

THE COKE INDUSTRY AND ITS BEARING ON DOMESTIC FUEL. 

We naturally turn first to the coke industry, for here the greatest 
progress in coal utilization has been attained, and besides coke has 
already been used to a limited extent for domestic heating. The 
coke industry consumes nearly onenaixth of our bituminous coal, 
and has as its immediate purpose the production of coke, a substance 
required by the iron industry, which absorbs most of the output.' 

Coke is made by heating certain classes of bituminous coal at high 
temperatures, with the production of a hard, porous residue, com- 
posed essentially of carbon.' Two methods of manufacture are in 
general commercial use. One employs beehive ovens, so called from 
the shape of early types; the other makes use of retort ovens, which 
are usually long and narrow and assembled in batteries. The latter 
are appropriately termed by-product ovens. 

The beehive oven delivers a product well suited to metallurgical 
use, but the process is objectionable because of the waste involved. 
It not only fails to yield the maximum of coke, but it effects no re- 
covery of other valuable constituents. The products lost represent 
a measurable waste in terms of dollars, but they carry greater sig- 
nificance as being the raw materials upon which could be built an 
adequate manufacture of fertilizers, dyes, drugs, and explosives. It 
is a strange anomaly that the beehive oven has been made necessary 
by American economic policy. 

The by-product oven receives raw bituminous coal and subjects 
it to destructive distillation. This process consumes none of the coal, 
but breaks it up into five components — coke; gas, ammonia, benzol, 
and tar — of which coke is the main product, while the other four 
constitute by-products. About half of the gas produced is used to 
supply the heat essential to the operation ; the by-products are partly 

> When a speoflo izidnstiy Is In need of a prooesB to attain a certain end. It goes ahead and perfects the 
process. No indlvidtial industry is in need of artificial anthracite, but pablio interest demands it. The 
responsibility is obrloos; it Cedls upon the pablio. 

* From 1 to If tons of coke go into the production of 1 ton of iron, so that the coke Indnstry is — «"tfnl to 
the iron industry. Coke also enters into a number of other metallurgical processes. 

• Much of the bituminous coal in the United States is not suited for the marnifttetoie of coke becaoae It 
yields a product not pfaystoally adapted to metallurgioal use. 
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or wholly recovered according to the details of the practice. Where 
the by-products are wholly recoyered; no part of the coal is wasted. 
In round numbers, 1 ton of bituminous coal yields 1,440 pounds of 
coke, 10,000 cubic feet of gas, 22 pounds of ammonium sulphate,^ 
2i gallons of crude benzol, and 9 gallons of tar.' Half of the gas is 
available for use as fuel or in lighting; the ammonium sulphate is a 
valuable fertilizer; benzol is an excellent motor fuel, a substitute for 
gasoline; tar is a waterproofing material used for making roofing and 
for dressing roads. 

These four first-products have an unlimited field of usefulness as 
such. In addition, three of them represent raw materials upon which 
important fields of present industry are dependent and upqn which, if 
bountifully supplied, new industrial activities of far-reaching conse- 
quences can be reared. The ammonia, recovered as such, instead of in 
the form of ammonium sulphate, forms the basis of modem refrigera- 
tion and is used for making explosives and chemicals. Benzol is a 
mixture of substances, including the deadly toluol, which can be made 
to yield explosives, dyes, drugs, medicines, solvents, photographic 
developers, and other chemicals. Tar, likewise, yields a 10 per cent 
fraction which may be turned into explosives, disinfectants, dyes, 
drugs, and other products. Benzol and tar, in short, are the basis of 
the coal-tar industry, inadequately developed as yet in America — an 
industry which Germany has intensively cultivated to an advantage 
now well known. 

The by-product oven is complicated and costly to install ' and to 
operate. Like the beehive oven, its prime purpose is to deliver coke, 
but it can compete with the beehive only when the by-products can 
be disposed of with sufficient advantage to cover the greater expense 
of the by-product practice and contribute a maigin of incentive. 
The development of by-product coking in the United States has been 
slow, considering the social and national importance of the possi- 
bilities inherent in this activity. At the beginning of 1918, the 
beehive oven still turned out over half of the coke produced, although 
war conditions and war demands have given a strong impetus to 
by-product coke development. 

The reasons for the lagging growth of by-product coking in America 
are clear and specific. There has not been a sufficient demand for 
all five of the products, due to inadequate industrial utilization of gas 
and the practical lack of a coal-tar industry.^ Our economic ad- 
justment gave a stable demand for only two of the products, coke and 

1 The solid form in which maoh of the ammonia is roooverod. 

> These flgoras an approximate. They yaiy with practice and gmde of ooal. 

• The ooet of ooDstnicting a modem by-prodnct coke oven plant of mfnimnm oommeRial slie in nonnal 
times would be nearly a million dollars; mider p rese nt oondittons, more than twice that amoont. 

« Abo the apparent abondanoe of gasoline pat no demand upon bencol as a motor fbel, oontrary to the 
ezpeffienoe of European oountiies. 
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ammonia. The gas had a varying value from a product representing 
the chief source of revenue in some instances down to one giving 
returns too small to justify its storage.^ The benzol^ a few years 
back, was not even recovered, so lacking was any demand for it.' 
The tar, like the gas, had a considerable though low range in value, 
but until a few years ago it was scarcely profitable to extract it. 

The consequences of inadequate coal-products development in the 
United States have been serious, in some respects critical. Here 
falls entire responsibility for recent shortages in explosives of certain 
types, as well as in dyestuffs, and a variety of drugs and chemicals; 
partial responsibility for the high cost and inadequate supply of 
nitrogen compounds and gasoline; and even a little of the blame for 
the transportation congestion of 1917-18, which industrial coal-gas 
utilization could have alleviated in some measure. These consider- 
ations are apart from wasted materials and wasted opportunities. 
The coal-products situation, indeed, represents one of the most com- 
plex, subtle, and important problems in the whole field of industry 
to-day; and this is true not only in respect to present conditions, 
but also as regards the trend of future industrial growth to a degree 
difiicult of full appreciation. The failure of Great Britain to sense 
its importance before the outbreak of the European war came des- 
perately near causing her defeat during the first few months of hos- 
tilities through a lack of toluol; the situation was only saved by the 
happy chance that the British gas industry was developed with 
by-product recovery, and by straining met the emergency. A sim- 
ilar omission on the part of the United States is responsible for some 
of our recent embarrassments. A failure to remedy the situation will 
place this country at an unfortunate disadvantage in the future. It 
seems remarkable that a single, partly developed unit of industry can 
have such a vital and far-reaching bearing on the well-being of the 
entire nation, but such is unequivocally true of coal products. That 
fact can not be expressed too plainly or in terms too strong. 

To build a proper coal-products industry, even within the limits 
set by the coke needs of the iron industry, will require the establish- 
ment of a steady demand for the fotir by-products — gas, anmionia^ 
benzol, tar — ^which will give them a commercial value in keeping with 
their real worth. This, in turn, will depend upon an enlarged utiliza- 
tion of gas for fuel purposes, and the growth of a substantial coal-tar 
industry that to the certain values of the primary products will add 
indefinite constructive possibilities of increased values in a field 
already advanced to the point where warfare, textiles, and chemical 
manufacttire are utterly dependent upon it. The whole accom- 

1 It is slgDlflcant that In 1915 the avexBgeoost of city gas was 91 cents per 1,000 cubic feet, while the average 
cc8t of gas from by-product coke ovens was 10 cents. 
I And benaol ooataina toluol, upon an adequate supply of which modem warfare is absolutely dependent. 
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plishment waits upon a constructiye economic policy which recog- 
nizes in true perspective the pivotal importance of coal products. 

The significance of the coal-products field and the need for its 
adequate expansion has been dwelt upon at length, because this 
matter concerns not merely the portion of bituminous coal made into 
coke, but bears with peculiar meaning upon the utilization of the 
much larger portion consumed as fuel. 

Having examined the coke industry and observed its main pur- 
pose, the production of metallurgical coke, and the incidental recovery 
of by-products on the part of about half of the activity, we may ask 
if this industry can not extend its scope so as to produce a surplus 
of coke which may be applied to fuel use. The answer is in the 
negative. Coke, being designed for another purpose, is not a satis- 
factory fuel. While smokeless in combustioQ, its cellular structure 
gives it an intensity of combustion and susceptibility to chill that 
renders its control troublesome. Even a radical change in furnace 
design can not be expected to overcome this difficulty. Moreover, 
the coke industry is centralized, subject to marked fluctuations 
according to the demand for iron, and has not yet succeeded in mod- 
ernizing more than half of its practice. Besides, its by-product 
manufacture is complicated and costly. Metallurgical coke, then^ 
must be dismissed as an impracticable general-service fuel. The 
by-product coking practice, however, illustrates the principle of full 
coal-value utilization and therefore points the way toward progress 
in respect to fuel coal. Modified by-product plants, simpler than 
by-product coke ovens, producing a non-cellular carbonized residue 
and located near the points of utilization, represent the lesson to be 
drawn from the coke industry. 

THE GAS INDUSTRY AND MUNICIPAL BY-PRODUCT FUEL PLANTS. 

We may turn next to the gas industry to ascertain if this activity 
is capable of adaptation so as to contribute an adequate smokeless 
fuel for domestic and power consmnption. This industry consists 
of a great number of separate plants, distributed, one or more each, 
among the cities of the coimtry.^ In the aggregate these plants con- 
sume about 1 per cent of the annual coal production of the country. 
Their prime purpose is to manufacture gas, and tins they do without 
adequate regard to the complete recovery of by-products, although 
many plants effect a partial recovery of ammonia and tar, and some 
gas-house coke is put upon the market. Apart from the oil-gas 
plants on the Pacific coast, in which petroleimi is used because of its 
relative cheapness in that region, the artificial gas industry of the 
coimtry employs coal as its raw material. 

> There are over 900 artlflolal gas plants in the United States, ezolnslTe of by-product coke ovens. 
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Three types of gas made from coal are in general use — coal gas, 
carbureted water-gas, and mixed gas. Coal gas is distilled from 
bituminous coal by heating the latter in retorts. Carbureted water- 
gas is produced as a result of the action of steam upon coke or 
anthracite, the nonilluminating water-gas thus produced being 
then "carbureted,*' or enriched, by the addition of a gas of high 
thermal and illuminating power made from oil. Mixed gas is a 
mixture of coal-gas and carbureted water-gas and is supplied in 
many cities in the United States, the coke from the coal-gas pro- 
duction furnishing the basis of the water-gas manufacture.^ 

The gas companies are by nature and in fact public utilities. They 
manufacture a necessity which does not lend itself to competition. 
They are private enterprises under municipal control, which is 
largely directed, however, to price restrictions, and is not con- 
structive in the way of compelling advances in technical procedure. 
With some exceptions, the average municipal gas plant is a small 
and antiquated organization, both- in practice and in vision, far 
behind present possibilities of manufacture and application.' In 
some cities in the United States, the gas companies are in the nature 
of large public-service corporations, which have made considerable 
advance in gas production, but nowhere is there full by-product 
recovery and the price of city gas is uniformly high. 

Although the municipal gas plant now meets rather inadequately 
only a small share of the fuel needs of the community which it serves, 
it represents an established activity which can be converted into an 
organization that will supply all the fuel, whether gaseous or solid, 
that the conmiunity requires. The transformation may retain the 
gas mains and much of the other equipment of the present type of 
plant, but in the place of the present procedure with relative neglect 
of by-product recovery will be substituted a by-product system of 
coal distillation, producing artificial anthracite, gas, ammonia, 
benzol, and tar. This will mean in each city a centralized purchase 
and consumption of raw coal, and a centralized distribution of prod- 
ucts. The output will be limited at first, at least, by the demand for 
solid fuel. A production of ample solid fuel will give an excess of gas 
over that now produced, which will call for an expansion in the use 
of gas, both in the home and in industry. Such expansion will 
come as a result of cheaper gas, incidental to the proposed plan of 

1 In many cities the gas plant is hampered by the impositioa of a standard based on candle-power. This 
is a sonrival of the flat-flame use of gas, and now that the incandescent mantle makes heat in the flame and 
not artiflolal enrichment in the gas the true object to be sought, a calorlfloe standard should supersede alto- 
gether an illuminating one. 

> In Great Britain the gas industry is far in advance of that in the United States; allusion has already 
been made to the important r61e it has been able to play in that country by supplying toluol for explosive 
manufBotuie. It should be emphasised that the gas industry in the United States has been impeded by 
restrlotiaas Imposed by economic conditlaas and by the type of public control affecting its affairs and in 
oonsequenoe is by no means wholly raspooslble for such delinquencies as exist. 
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production, together with improYements in methods of utilization; 
and this very expansion will cut down the use of solid fuel and 
thereby hasten the adjustment. The three remaining first-products, 
ammonia, benzol, and tar, as akeady pointed out, have an un- 
limited field of usefulness as such, even within the municipality;* 
and by shipment will contribute a supply of raw material to the 
needs of the coal-products industry, thus permitting and inducing 
this important field of endeavor to advance beyond the limits now 
imposed upon it by the coke industry.* 

The objection may be advanced that artificial anthracite has not 
been perfected and placed on a* commercial basis, and imtil such 
time the utiUzation as outlined above must wait. It is indeed true 
that such a process is not worked out in detail and ready to be fitted 
into the present gas industry, but a similar condition has been a 
stage in the development of practically every technological process 
and the recognition of the demand has created the means for its 
accompUshment. But even granting the objection as valid, we find 
that the production of artificial anthracite is only one of two solu- 
tions to the problem of developing an adequate smokeless fuel from 
bituminous coal. The prime idea is to separate the heat- or energy- 
producing portion of the coal from the constituents valuable as com- 
modities, and dispose of the two groups to their mutual advantage. 
Hence if we convert the energy component entirely into gas and 
recover the by-products, we may accomplish our purpose without 
calling into service a single procedure which is not already in suc- 
cessful practice in other fields of industry. The municipal gas plant 
affords, in the second instance also, the logical point of attachment 
for the development. Only, in this event, in the place of artificial 
anthracite and gas, plus ammonia, benzol, and tar, the output would 
be gas entirely, with a similar production of ammonia, benzol, and tar. 

The twofold possibility of advance in coal utilization brings up the 
relative advantage of a solid, smokeless fuel versus a gaseous fuel. 
Their applicability for domestic use may be examined first. Solid 
fuel, such as artificial anthracite, requires no change in present types 
of furnaces and grates; is appUcable to suburban and out-lying 
districts not served, or servable, by pipes; and will always be in 
demand for open fires. Gaseous fuel, on the other hand, eliminates 
the factors of storage and haulage, reduces dirt, and through the auto- 
matic temperature control of gas-fired furnaces nullifies the con- 
spicuous losses growing out of ignorance and waste in connection with 

1 Ammonta as a tertlllEer, benxol as a motor ftiel, and tar as a road dressing. 

s It is not beyond the boonds of reason to foresee a condition whereby a hoosebolder, 4n tbe plaoe of bis 
ton of anthracite which he now welcomes for 111, will receive a ton of smokeless coal without slate, a 
month's supply of cooking gas, 40 miles of motor fuel, enoagh fertillier to start a small garden, and tar suf- 
ficient to allay the dust in tnat of his house— all for far less money than he now pays for inferior coal. 
This may appear a ftoeiftil picture, but coal has precisely this possibility within itself. 
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present hand-firing. For industrial purposes, gas offers conspicuous 
advantages, as evidenced by the varied industrial use of natural gas 
in all regions where abundance of supply creates a low price. 

In general, gaseous fuel is bound to increase in importance as 
compared to solid fuel, especially in the industries. While solid fuel 
lends itself to conversion into power only through the agency of the 
wasteful steam engine, gas may be used in the internal combustion 
engine, which for the silme equivalent consumption dehvei^ in general 
over twice the power; while for purposes of producing heat, gas 
presents an ease of control and a mobiUty of application that place 
it beyond comparison. Moreover, and most important of aU, solid 
fuel has already reached a far fuller measure of development than 
has gas, whose utilization is still in a relatively undeveloped state. 
Improvements in the internal combustion engine, the gas turbine, 
the utilization of gas under pressure, and the application of the 
so-called surface method of combustion offer lines of advance that 
will add a growing weight of superiority to the use of gas. 

For domestic purposes, however, the advantages of solid and 
gaseous fuel are somewhat complementary, rather than opposing, 
so that advances toward perfecting the two types of fuel may well be 
simultaneous. The successful operation of an artificial anthracite 
plant will demand increased utilization of gas, involving the employ- 
ment of the latest advances in its application; while the operation of 
an enlarged municipal gas-plant, with adequate by-product recovery, 
however effective in the way of economical gas supply, can not be 
expected to replace fully, at least for some time, the need for a smoke- 
less solid fuel. In either event, therefore, the tendency will lead 
toward an increased r61e for fuel gas, a trend in line with the in- 
evitable necessity for a more mobile and more efficient source of 
heat and power than is afforded by solid carbon.^ 

The successful instigation and operation of either of the two plans 
proposed will depend upon public initiative and stimulus. Neither 
plan may be expected to come into action imder the influence of 
private industrial enterprise; a private organization would have no 
means of getting adequate returns upon the development expenditure 
since the benefits contemplated woidd accrue alike to all industrial 
activities as well as to the public. The first move, therefore, de- 
volves upon the public; or at least, upon organizations representative 
of the public interest. The accomplishment, however, will call for a 
more effective administration of public utilities than has obtained in 
American cities in the past, and this will come only after full public 
realization that technical affairs must be directed by technical 
knowledge.* 

> It is sc&roely necessary to point out that both solid and gaseous fuel are adapted to the generation of 
eleotrlctty. 
*8ee abo pages 155-158. 
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LOW-GRADE COALS ANJ> BY-PRODUCT PRACTICE. 

Although the whole coal problem has been approached from the 
point of view of effecting advances in utilization that will tend pri- 
marily to the advantage of the householder, the plans outlined may 
be extended to meet an appreciable portion of the requirements of 
industry; in fact, their success even requires a certain coordination 
with the fuel needs of industrial activities. As already pointed out, 
development of artificial anthi:^cite will give an excess of gas over 
present domestic wants which must be consumed, in part, in power 
generation now dependent upon raw coal. Artificial anthracite 
itself would be suitable for steam raising and therefore offer to 
industry the same advantages that it holds for the home, including 
the possibihty, if fuUy used, of making our cities and railways com- 
pletely smokeless. The adequate development of artificial anthra- 
cite, in coordination with a large coal-products industry, may be 
expected to create a competitor for raw coal that would gradually 
put it out of use; for there is no insuperable reason why the fuel 
portion of coal should not be widely available at less cost than raw 
coal. The alternate plan of complete gasification of coal, with by- 
product recovery as carried out in municipal public utility plants, 
would of course offer abundant gas for industrial use in manufac- 
turing centers, enabling the wasteful steam engine to be replaced by 
the more efficient internal combustion engine; while at the mine a 
similar procedtire, under private control, could be made to supply 
gas for nearby distribution or convertible at once into electrical 
energy, susceptible of effective transmission within a radius of two 
hundred miles. Electrical energy, indeed, is now being generated at 
the mine mouth in some of the more populous coal-mining regions, 
with the difference that the coal is not gasified but is used in the raw 
state imder steam boilers; offering the objection, therefore, of inade- 
quate recovery of energy and commodity values. 

In Europe, with the necessity for economies in fuel consumption, 
far greater advances in the utilization of coal have been attained 
than in the United States. And these advances, it may be observed, 
are such as to lend the encouragement of successful experience to 
the changes in coal utilization demanded by the needs of our own 
situation. The status of the British gas industry has already been 
adverted to as higher than that of the corresponding activity in the 
United States; while the by-product coaking of coal, as is well 
known, has been carried further in Germany than elsewhere, resulting 
in the strong position attained by that country in the manufacture 
of dyestuffs, chemicals, and explosives. Noteworthy progress abroad 
centers also around the development and use of producer gas, the 
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briquetting of low-grade coals, and, to a limited degree around the 
manufacture of domestic ''coke." 

Producer gas is the result of the complete gasification of coal 
under the action of a mixture of air and steam.^ Both high-grade 
and low-grade coals may be employed in its manufacture and the 
gas may be produced with or without the recovery of the by-products, 
ammonia, benzol, and tar. Most of the foreign by-products producer- 
plants, however, at least before the war, made adequate recovery of 
the ammonia only. The producer principle is not only successfully 
applied to central plants manufacturing gas for transmission as such 
or for the generation of electricity; but it is also employed in smaller 
and more mobile installations, known as suction plants, in which the 
gas-producer and gas-engine are a single unit. The suction plant, 
therefore, adapts raw coal to immediate use in the internal combus- 
tion engine, combining the efficiency of the latter with the mobility 
of the steam engine. Thus producer-gas is suitable not only for large 
service stations, but also for small industrial plants and even for 
marine engines and locomotives. The manufacture of producer-gas 
from coke, peat, lignite, and high-ash mine refuse has become so 
thoroughly established on the continent as to be a conmionplace 
procedure. The widespread use abroad of the producer gas principle 
has brought into competition with high-grade coals used as such the 
low-grade coals and coal-like substances needed to supplement a 
limited fuel supply. 

The briquetting of low-grade lignitic coals and coal slack has been 
successfully practiced in Germany and other European countries for 
over 30 years, thus, together with the results attained by producer 
gas, bringing into service types of coal largely unused in the United 
States. A number of special forms of fuel coke, approximating 
artificial anthracite, have met with some measure of success, especially 
in England, where they are sold under the trade names of coalite, 
charco, coalexld, and others. 

As a war measure, the belligerent countries of Europe were 
forced to take radical steps in order to insure an advantageous use 
of their coal resources. The French and Italian Governments 
assumed complete control of distribution. In May, 1917, the 
Russian provisional Government took over the coal mines of that 
country for the purpose of controlling distribution and prices. Early 
in the war, Germany centralized the entire coal industry under 
Government control and a recent report states that the use of 
raw coal has been forbidden. In England, the coal mines are 
under full Government authority and in addition a board of fuel 
research has been established which is recognizing both the economic 

1 It 18 ttriotly speakinc modified or semi water^as, lower In calorific yalne tban watar^as proper wtifoh 
Is made by gaalfyiiig coke or anthracite under the action of steam. 
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and technological sides of the problem of bettering the service 
obtained from coal. The steps taken by the United States are well 
known.* 

In view of the advances in the utilization of low-grade coals 
abroad, we are led to inquire as to the potentialities of similar coals 
in the United States, which have heretofore not been called into 
service because of the prevalence of more desirable grades. Low- 
rank coals are very abundant in this country as shown by the United 
States Geological Survey, whose results may be summarized and 
expressed in round numbers on a per capita basis, as follows : 

Coal reserves of the United States calculated to a per capita basis.<^ 



Mined 
to date. 




Tent. 



Anthracite 

Bltominous ooal 15.000 02 

Lignitieooalsb 20,000 («) 

a The caloolatiaiis are made by the wiiterB from data preaented byjlartas R. Campbell, The Coal Fleldt 
of the United States: General Introdactlon, Prof. Paper 100-A, u . 8. Oeologtoai Survey, 1017. The 
flgnres are giyen in round numbers based on a population of 100,000^000. 

Includes snbbltumlnoos ooal, which Is between lignite and bituminous coal in quality. 
« Practically untouched. 

The deficiency of anthracite and the magnitude of lignitic coals 
are at once apparent. It has ahready been shown how the undue 
dependency on the small and waning anthracite reserve may be 
relieved by a suitable by-product utilization of bituminous coal. 
The further application of the same principle would likewise lend 
significance to our lignitic coals, tending to raise their value from 
little or nothing to a point justifying their adoption in Ihe place of 
higher-rank coals in those regions, at least, in which lignites alone 
occur. ^ And in this connection, it should be noted that lignitic 
coals occur chiefly in the Dakotas, Montana, Wyoming, Colorado, 
Arizona, New Mexico, Texas, and Louisiana, in sections largely free 
from other coal resources. (See fig. 1 .) 

Considerable experimental work in this coimtry has already been 
directed toward making lignites effective sources of beat and power. 
Because of their high moisture content and tendency to ''slack," 

1 The Federal Trade Commissian under date of June 10, 1917, recommended to the United States Senate: 
*' Fint. That the production and distributian of coal and ooke be conducted throui^ a pool in the hands 

of a Government agency; that the producers of varions grades of fliel be paid their ftill cost of production 
plus a uniform profit per ton (with due allowance for quality of product and emdency of service). 

**8eetmd. That the transportation agencies of the United States, both rail and water, be similarly pooled 
and operated on Qovemment account, under the direction of the President, and that all such means of 
transportatian be operated as a unit, the owning corporations being paid a Just and fair oompensatloa 
which would oover normal net profit, upkeep, and betterments." (8. Doc. No. 50, 06th Cong., 1st sees., 
Washington, 1917, pp. ao-21.) 

t The subbitundnous coals are now used to some extent, but inadequately. 

79968*— Ifr-BuU. 102, vol. 1 3 
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these coals are not suitable for transportation like ordinary coal. 
Efforts toward burning them in powdered form, with the effect of 
gaseous fuel, or of compressing them into briquets have met with 
some success, but their greatest possibilities are afforded through 
complete gasification in gas producers,* or by carbonization with 
by-product recovery. The Bureau of Mines has demonstrated in 
respect to the last that 1 ton of air-dried lignite may be made to 
jrield 8,000 to 10,000 cubic feet of gas, 17 pounds of ammoniiun 
sulphate, 1 gallon of oil, 50 pounds of tar, and one-half to two-thirds 
ton of cafbon residue convertible into briquets approaching the value 
of anthracite.* Thus may even coals lowest in rank be raised to 
meet the social needs for smokeless fuel and economy.* 

THE PRODUCTION OF COAL. 

While the greatest improvements, with most telling consequences, 
are possible and necessary in the utilization of coal; the conditions of 
coal production are likewise not best adapted to the nature of the 
resource and offer opportunities for advantageous changes. Passing 
over anthracite, because it is not inherently a necessity and because, 
moreover, its production .is effective both as to engineering practice 
and coordination of operations, we find that the mining of bituminous 
coal is so widely scattered and loosely cooperative that the aggre- 
gated activities are to be looked upon as an "industry" only in 
respect to their common purpose.* The coim try's most basic resource, 
indeed, is produced through the medium of a thousand disintegrated 
units, working without concert and under conditions of destructive 
competition. 

Bituminous coal mining as an industry is beset by conditions 
which are the occasion of present wastefulness and the justification 

t A few prodooer-gas plants are In service in the lignite areas. A spedflc instance of the applicability 
of suction gas-producers would be in connection with the motor boats in service along the Alaskan coast 
which now use gasoline brought from California, but instead might employ the low-grade coals so plentiful 
in parts of the Alaskan coastal region. The present attempts at fuel economy seem superficial, when 
the real points of wastefulness are held in mind. 

s << There seems little doubt but that the briquetting and the production Of gas from lignite can In the 
near future be put on a commercially satisfactory basis." Babcock, E. J., Economic Methods of Utilizing 
Western Lignites: Bull. 89, Bureau of Jiiioes, 1916, p. 65. 

■ We may profit by the words of a distinguished British engineer and chemist, the late V. B. Lewes, 
who writes of the coal of England: 

"Among the factors that lead to the commercial supremacy of a country by far the most important is 
the command of fuel or other source of power; and England's position in the past has been governed largely 
by her coal fields, which in little more than a century raised her to the forefirant as a commercial power. 
The very abundance of our coal supplies was a source of weakness, as it led to outrageous waste, polluted 
our atmosphere to a criminal extent, and so encouraged uneconomical methods of using it as seriously to 
deplete our avaUable stock, the result of which has been the increase in price during the last few years, 
and the certainty that the ftiture will see further advances but no fall to the old rates. The day of cheap 
coal has gone, never to return." 

<The coal industry inits operations is more comparable to the brickmaking Industry than, for example, 
to the iron industry. 
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of apprehension for the future.^ Scattered and unorganized, most 
of the individual companies are small and financially weak; no 
adequate cooperation in engineering practice exists; new develop- 
ments are slow of growth; coal is mined for the most part by obso- 
lescent, long established practice. With no methods of storage 
developed, the average mine can mine coal only when railroad cars 
stand ready to. receive it; a fluctuating demand-, accentuated by 
seasonal variations, leads to instability of operations; many mines 
in normal times must dose down in slack periods, with destruc- 
tive effect upon the conditions and supply of labor. For years the 
price of coal at the mine ranged from $1 to $1.15 a ton, a figure 
so low that only the best and most easily obtainable coal could be 
extracted by the cheapest methods of mining, irrespective of the 
waste involved; the tonnage of thin-seam and high-cost areas 
sacrificed in the process amounts to more than half the total coal 
produced to date. Many districts have been burdened with a 
leasing system that obligated the company to remove a given tonnage 
each year, irrespective of market demand or price, with the result 
that the richest spots were drawn from seam after seam with irre- 
trievable loss to present needs. Miners' unions in general have fixed 
wages on the basis of thick and easfly worked seams, and imposed 
such severe penalties upon inferior conditions that the operator is 
precluded from introducing new and improved methods. Upon 
all this, the policy of the Government, as exemplified in its anti- 
trust laws, has forbidden combinations and restrained cooperation, 
with the result that largenscale, standardized operations, a paramount 
and distinctive American achievement, is practically lacking in 
the mining of coal. 

These conditions are particularly objectionable because they 
concern a product of fimdamental importance. As compared with 
the iron industry or the copper industry, the coal industey appears 
in an unfavorable hght in production efficiency. The difference is 
not to be attributed otherwise than to the competitive system of 
small-unit mining, which has prevailed for coal in this country and 
indeed been perpetuated, against a natural tendency otherwise, by 
a public policy hostile to combination.' 

1 " For several years prior to 1916 it was a matter of general knowledge that the bituminous coal Industry 
in the United States was in an unsound condition. In this basio industry, so necessary to the industrial 
life of the country, conditions had developed so that it was demoralized financially, wasteftil methods of 
mining resulted in the permanent loss of millions of tons of coal that could have been saved otherwise, the 
existing mines through lack of demand were kept idle from one-fourth to one-third of the working time, 
with consequent hardship to labor." Letter l^om Federal Trade Commission on Anthracite and Bituml* 
nous Coal, 8. Doc. No. 50, 05th Cong., 1st sess., Washington, 1917, p. 43. 

* The individual coal producer can not he held responsible. In any attempt to recover more coal; that is, 
to malre real progress in coal mining, he faced the opposition of the miners' unions, of governmental re- 
strictions, and of probably financial loss. The three formed usually an unsuperable obstacle, although a 
considerable advance was attained in many creditable Instances. If European coal mining conditions 
were impeded as the industry is in the United States, the industrial activities of Europe would come to a 
stand-still, if the continent would not actually starve to death. 
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Coal can not be mined effectively under the present system. The 
nature of the resource demands integration. Only by the grace of 
lavish coal wealth has the United States this long borne the incubus 
of competition in coal minii^. So much is easily recognized, but 
the means whereby integration may be attained are less apparent. 
The most practicable path leads toward the enlargement of the 
public utilities conception to embrace coal. 

We may define a public utility as a necessity which does not lend 
itself to competition. In such a category fall gas, water, and elec- 
tricity, the telephone service and traction systems of municipalities. 
In the case of these necessities, public r^ulation is substituted for 
the restraining influence of a competition that has been found 
inexpedient. Coal is a necessity which does not lend itself to com- 
petitive mining. 

In anthracite is found an interesting spokesman of this principle. 
The anthracite industry began with many competing units, but the 
smallness of the field made combination easy and led to the merging 
of the rival interests in a unified organization. The purpose of the 
combination, judged by the results, was twofold; to raise the price 
of anthracite and to increase the efficiency of mining. The disad- 
vantages of the first was commonly recognized, but not the advantages 
of the second, which were equally significant. Through its monop- 
olistic control of a recognized necessity, the combine years ago 
became a matter of public concern and the Government faced two 
alternatives in meeting the problem thereby raised — ^it could either 
recognize a combination in restraint of trade, and order its disinte- 
gration; or else accept the combination as a procedure essential to 
the proper handling of the resource, and impose suitable restrictions 
on the basis that the activity had become automatically a public 
utility. The first procedure was adopted and the combine was dis- 
solved in so far as its legal existence was concerned; but at bottom 
the combination persisted, because it was inherent in the nature of 
anthracite development and could not be legislated out of existence.^ 
The alternative chosen by the Government was impossible of execu- 
tion. It is open knowledge that the anthracite companies to-day 
operate in concert and fix prices by circular announcements at rates 
fluitable for the effective operation of both high-cost and low-cost 
mines. As a result, anthracite is mined efficiently in spite of laws 
opposing the means to that end. 

The bituminous industry deals with a necessity that is lending 
itself less and less to competitive production. Competition is incom- 

1 Writes F. W. Taussig, in a diflerant oonneotiao-* *'The lange oatstandlzig ftMt is the collapse of oompeti- 
tive indostry. Combination and monopoly are the inevitable result of the maohlnfl prooesses and laige- 
ioale prodnotion. I^egislation can not prevent monopoly. ... " Principles of Economics, New York, 
1911, p. 442. 
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patible with economy, because coals expensive to mine can not com^ 
pete on a commercial basis with those which may be mined cheaply, 
and the two, in general, occur in such intimate association that the first, 
under present conditions, must be sacrificed in order to get the second. 
If the price is arbitrarily fixed high enough to cover the extraction of 
high-cost coal, society will pay too much for low-cost coal. If, on the 
contrary, the price is allowed to seek a natural level, the high-cost coal 
can not be extracted and much of it becomes permanently lost. It 
may be asserted that we should use up the cheaply obtainable coal 
first and then later, when necessary, turn to the coal more expensive 
to produce. Such would be advisable, were it not for the fact that 
the fat and the lean occur intimately mixed, and we can not later 
return and glean the unused values. This limitation is set by the 
geological occurrence of coal and can not be changed. The only way 
by which coal can be mined effectively is for the price to be adjusted 
to the mining costs of each mine, and even to those of different 
parts of the same mine. Obviously, this would require a pooling of 
interests — ^in short, integration. 

Bituminous coal, therefore, is a necessity which can not be produced 
advantageously imder competitive operation. It has become by its 
very nature a pubUc utility, and its administration as such, with 
integrated activity, is the only practicable way by which its full 
service can be secured. 

Integrated coal mining, under proper limitations, will reduce waste, 
stabilize production, adjust supply to demand, lessen transportation, 
and hold the centers of coal production longer than otherwise in their 
present spots to the advantage of the present distribution of industrial 
activities, but can not be expected to lower the cost of coal to the 
consumer. For that purpose, as already pointed out, far-reaching 
changes in coal utilization alone will suffice. While the price of coal 
to the consumer has been too high, the price of coal at the mine has 
been, in general, too low — so low in fact that it has been a small factor 
in the ultimate cost to the public. That is evident in the contrast 
between one dollar and the figure the consumer pays. The price of 
coal at the mine mouth, however, has been slowly advancing; the 
upward tendency is natural and if left to itself will become stronger 
and stronger as more and more of the easy-to-get coal is mined. At 
the present moment the price at the mine is too low, because of the 
apparent abundance of easy-to-get coal; but within a very few years 
(if not already), with exhaustion of cheaply mineable coal, the mining 
costs are bound to attain a rank more consequential in effect upon the 
ultimate price. It is even now very generally conceded that the 
"day of cheap coal is over." While int^rated mining would add 
slightly to the average ton-cost of coal at the mine, the effect would 



26 BXTIiLETIN lQ2y VOL. 1, UIHTED STATES NATIONAL MTJSBUM. 

be to relieve the further upward tendency from the acute increase 
which present conditions will inevitably create. The result, in fine, 
will be to prolong to the utmost the period of cheap coal.^ 

The advantages of integration in coal production are well known in 
other countries. The thin seams of the eastern coal fields of Canada 
can only be worked under a cooperative system, as pointed out by 
the Canadian Department of Mines. Belgian mining law imposes the 
obligation of cooperative measures upon the coal-mining concession- 
aire. Cooperative coal marketing has been successfully practiced in 
many parts of the world, notably in Germany and in the Transvaal. 

In short, coal as a resource demands cooperative measures of 

development. This is true of coal in peculiar degree and holds 

equally for few other resources. The reason is twofold. In the first 

place, coal deposits do not lend themselves, as do many other types 

of mineral deposits, to a graded extraction of values according to the 

strength of economic demand. In the second place, coal as the major 

source of power is the basis of modem life, and as such imposes upon 

organized society a direct responsibility to insure its most effective 

disposition. 

SUMMARY. 

Coal is a resource requisite to the functioning of every other re- 
source. The home, industry, and commerce are entirely dependent 
upon its adequacy. Coal is the basis of organized life. Other raw 
materials are merely parts of the social fabric — ^incidental to it; iron, 
for example, does not come to the consumer as such, but coal is com- 
fort and energy as well as a commodity to be manufactured. Coal, 
therefore, in its far-reaching consequences, has assumed a responsi- 
bility equalled by no other substance. 

Under present conditions, coal fails to measure up to that responsi- 
bility. It is wastefully mined, wastefully distributed, and wastefully 
utilized. It is wastefidly mined because of the conditions of competi- 
tion which society imposes upon its exploitation. It is wastefully 
distributed as a result of the unnecessary transportation in regions 
suppUed with water power or with coals less desirable than those con- 
sumed. It is wastefully used due to the lack of by-product recovery 
as an accepted economic practice. 

The wastes in mining may be decreased through integrated opera- 
tions, which will obviate the economic necessity for waste. Coal 
submits itself to integration as a pubUc utility. 

The wastes in distribution may be reduced through the develop- 
ment of hydro electricity and the coal-field generation of carbo- 

^ It need scarcely be pointed out the advantages of by-product utilization may be realised without the 
gains of integrated mining, but the first may be largely nullified through the neglect of the «<HX}nd. 
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electric power, thus relieving coal of unnecessary duties, and by 
improvements in utilization, thus destroying the over-dependence 
upon high-grade coals which now necessitates undue haulage. 

The wastes in utiUzation may be done away with by establishing a 
method of separatmg the energy-producing constituents of coal from 
the commodity values and using the products to their common 
advantage. The most logical point of attack is the municipaUty, 
to which may be attached a pubUc utility plant converting raw coal 
into smokeless fuel — artificial anthracite plus gas, or gas alone — and 
valuable by-products, ammonia, benzol, and tar. Such a plant would 
supply the fuel needs of the community and ship the surplus by- 
products to serve as raw material for a coal-products industry, devel- 
oped thereby to proportions consistent with its importance to social 
progress. 

Integrated mining will lessen the increased costs that will come 
with the impending extraction of thick-seam and easily obtainable 
coals. 

Reduced coal transportation will remove ajgL unnecessary burden 
from the railways and prevent the repetition of the congestion 
diflBiculties so acutely felt during the winter of 1917-18. 

By-product utilization will give cheaper fuel through the advan- 
tageous disposition of all the values contained. It will also end the 
smoke nuisance, relieve transportation, and cause the growth of a 
great coal-products industry with tdtimate possibihties ranging 
beyond the grasp of the imagination. 

This paper does not presume to set forth the exact methods whereby 
these results may be attained; the procedures remain to be worked 
out in detail. Its purpose, however, has been to present a line of 
attack, drawn up on the basis of the character and extent of the 
resource, which may be followed to specific advantage. There are 
no serious technical obstacles in the way; the chief requisite for 
progress is a popular appreciation of the fact that coal contains 
greater values than society is getting from it. From this realization 
wiU spring a pubUc demand that scientific and technical knowledge 
be used, not merely in making improvements in the details of present 
practice but in revising that practice itself and shaping a pohcy of 
administration more in keeping with what is known to be the poten- 
tiality of coal. '* Mankind," writes John Dewey, **so far has been 
ruled by things and by words, not by thought * * * . If ever 
we are to be governed by intelligence, not by things and words, 
science must have something to say about what we do and not merely 
Tww we may do it more easily and economically." * 

1 It should be borne in mind that fundamental changes in coal economics are capable of Just as much 
bann if handled ill-advlsedly as of good if competently directed. Unless a tj^pe of public management 
superior to anything this country has developed in the past can be put forth, the whole matter might 
better be left in its present state of inadequacy. 
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And, in conclusion, it may be asked what are the assets and the 
Uabilitiea in this business of demanding a full accoimtabUity from 
coal. Here is the balance sheet: 

Assets: Liabilities: 

Ample coal resources. Tradition. 

By-product coke experience. Character of the past administration 

Municipal ga»-plant installations. of the average public utility. 

Character of our past conduct of tech- 
nical matters. 

The assets are large, but the liabilities, it must be admitted, have 
been insistent enough to block progress in the past. Whether they 
will continue to overbalance the assets will depend upon the course 
of public opinion. It is up to the man in the streets to determine 
which shall prevail. A continuation of the present system of coal 
economics may be justified on the basis of indifference to progress, 
but not on die basis of ignorance; its uimecessary prolongation 
should afford a prospect intolerable to the thinking man. 
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PART II. 

PETBOLEUIIL^ 

INTRODUCTION. 

Petroleum is of peculiar value to society because it is the sole source 
of gasoline, the dominant motor fuel; provides kerosene, the most 
important illuminant outside of cities; and yields lubricating oil, 
upon which the wheels of industry revolve. In addition, it has come 
to be an essential fuel in the Southwest and on the Pacific coast, 
where coal is lacking;^ is requisite to the operations of an oil- 
burning navy; and forms the starting point for an oil by-products 
industry, a branch of chemical manufacture still in its infancy and 
offering unlimited possibilities of development. 

The liquidity of the crude product makes petroleum unique among 
mineral raw materials, contributing wide commercial availability 
through £he ease with which the substance may be mined and 
handled ; while the magnitude of the resource has given confidence 
for the extensive mechanical developments essential to its uae. Hence 
the employment of petroleum is deeply rooted among the practices 
and need» of modem life, and any tendency toward disuse of its 
essential products,' either through undue increase in price or from 
. decline in production, will mark a turning point in material comfort 
and industrial advantage, the deferring of which becomes an object 
of universal concern. As the petroleum deposits of the United 
States have been drawn upon with extraordinary rapidity and the 
supplies have already suffered serious depletion, the matter of their 
approaching exhaustion assumes the light of immediate importance. 
The comforting assertion that such considerations may be safely 
left to future generations does not apply to petroleum.* 

^ An economic study of a limited resource. 

'Part of the industrial activity of the eastern part of the country Is now dependent 
upon fuel oil. 

'See p. 93 for qualifications In respect to fuel oil. 

*** * • 9 petroleum is a priceless resource, for It can never be replaced. Trees 
can be grown again upon the soil from which they have been taken. But how can 
petroleum be produced? It has talcen the ages for nature to distill It In her subter^ 
ranean laboratory. We do not even Icnow her process. We may find a substitute for It. 
but have not yet. It Is practically the one lubricant of the world to-day. Not a rail- 
road wheel turns without its way being smoothed by It. We can make light and heat 
by hydroelectric power, but the great turbines move on bearings that are smothered In 
petroleum. From It we get the qulck-ezplodln? gas which is to the motor and the air- 
ship what air Is to the human body. To Industry, agriculture, commerce* and the pleas- 
ures of life petroleum Is now essential." (Franklin K. Lane In Beports of the Depart- 
ment of the Interior for 1015, Washington, vol. 1. p. 18.) 

29 
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THE RESOURCE. 

NATURI. 

Petroleum, or crude petroleum as the raw or unrefined product is 
often termed, is an oily liquid varying considerably in appearance 
according to the locality from which it comes. It is an extremely 
complex mixture of organic compounds, chiefly hydrocarbons,* but 
substances containing sulphur, oxygen, and nitrogen are also present 
in small amounts. It contains, therefore, five chemical elements of 
the first importance in life processes, a circumstance that suggests 
at once an organic origin and determines the important role that 
this substance is due to play in filling the needs of man.' 

If crude petroleum is exposed to the air, it gradually thickens imtil 
a solid residue is left. The first product given off is natural gas; 
then liquid components evaporate in the order of their lightness; and 
the final residue is composed largely of either paraffin wax or as- 
phalt. Petroleum is thus seen to be a mixture of different liquids 
dissolved in one another and holding in solution also natural gas and 
solid substances. This conception correlates natural gas as a by- 
product of petroleum * and affords a simple epitome of the changes 
more rapidly induced when petroleum is subjected to refining.* The 
asphalt lake of Trinidad and the ozokerite deposits of Galicia and 
Utah represent natural residues from the prolonged evaporation or 
natural distillation of petrolemn. 

While petroleums vary considerably in character, they fall chiefly 
into two classes according to whether the residue yielded is pre- 
dominantly paraffin wax or asphalt.^ This broad distinction is of 
great economic significance, because the paraffin petroleums, occur- 
ring chiefly in the eastern part of the country, came first into use 
and therefore determined the current refining practice and the exist- 
ing demand for petroleum products ; while the asphaltic petroleums, 
exploited later in the Gulf region and California, found their inmie- 
diate commercial outlet in the form of fuel. The higher gasoline 
content of paraffin oils, coupled with the distance of coal from the 
Californian region,* gave free scope to the economic differentiation 
of the two types. 

^ Compounds composed of hydrogen and carbon. These snbstancee are present by the 
hundreds. 

* It wonld be shortsighted to assume th%t petroleum even now has displayed its fall 
measure of yersatility. 

*Part of the natural gas production of the country, indeed, comes from petroleum 
wells. 

^ The processes of refining, of course, involve some chemical changes also. 

■The first are said to have a paraffin haae; the second, an asphaltic base, or called 
merely asphaltic petroleums. There are also intermediate oils with almost equal pro- 
portions of paraflSn and asphalt. 

'The presence of coal fields in California, however, would have scarcely deterred the 
development of the oil fields of that State, although their presence would afford a pleas- 
ing contemplation now. 
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Because of its liquidity, petroleum differs markedly in geological 
occurrence from all other minerals. It appears on the surface in 
some localities in the form of oil seeps, but commercial quantities of 
petroleum are found only at depth inclosed within the rocks of the 
earth's crust. Its occurrence is very similar to that of artesian water, 
with which, indeed, it is frequently associated. It saturates certain 
areas of porous rocks, such as beds of sand or sandstone, tending to 
accumulate where such strata occur beneath denser, impervious lay- 
ers. Occurring in this way under the pressure that obtains at depth, 
carrying immense quantities of natural gas in solution, and almost 
invariably associated with water, petroleum is capable of movement 
and in general migrates upward until it encounters a layer of imper- 
vious rock so disposed in structure as to impede further progress and 
impound the oil into a " reservoir " or " pool " * (see pi. 6 and fig. 18) . 

The geology of petroleum, therefore, is the geology of rock struc- 
tures, and the skilful mapping of the surface disposition of rock 
formations gives the means for determining the structure at depth 
and hence the position of structural features favorable to the accu- 
mulation of oil. When this information is supplemented by careful 
records of the rock layers encountered as wells are drilled, a three- 
dimensional knowledge of the earth's crust is obtained, remarkable 
for its detail and accuracy. Thus, by the aid of geological methods, 
the development of petroleum fields may be changed from a gambling 
venture to an exact science, and, if the scale of operations be suffi- 
ciently large, it may be figured rather closely how much oil can be 
obtained from a given expenditure of money.' Instead of represent- 
ing the most uncertain venture in the world, therefore, oil production 
can now be made as definitely an engineering project as the mining 
of a clay bank. 

The migratory character of petroleum, coupled with the general 
tendency of stratified rocks to occur in broadly undulating folds and 
shallow domes, gives peculiar significance to the underground dispo- 
sition of the oil deposit Thus the process of winning the oil consists 
in puncturing the structural feature that holds it in restraint so as 
to give free scope to a movement upward to the surface. Accordingly 
the position of the oil grows highly unstable as soon as the deposit 
comes under exploitation and this variability affects the entire geo- 

1 These words are misleading In that they suggest great open spaces filled with oil 
rather than areas of oil-saturated rock. Water is sometimes lacking, and then the oil 
migrates In a different manner. 

'Another interesting application of geology to oil exploration has been developed by 
the standard Oil Co. of California and by the United States Geological Surrey. It has 
been found that the chemical composition of the water encountered by the drill will 
give some indication of the proximity to oil and hence serve as a guide to a successful 
development. (See G. S. Rogers, Chemical relations of the oil-field waters in San 
Joaquin VaUey, Cal., Bull. 668, U. S. Geological Survey, 1917.) 
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logical unit or pool. In consequence the joint ownership or joint 
exploitation of a single pool results in the inability to apportion the 
product on any arbitrary basis of vertical boundary planes,^ and the 
oil, therefore, is practically no man's property until it is got above 
ground. This circumstance is almost invariable and the customary 
method of exploiting the single oil pool by a series of small, inde- 
pendent holdings has cost an inordinate toll of waste and loss.* The 
economics of oil production is out of adjustment with the geological 
occurrence of oil and the latter, being a physical fact, can not be 
altered. 

ORIGIN. 

Few questions in geologic theory have met with more discussion 
than the origin of petroleum. It is reasonably certain, however, that 
petroleum in the main is of organic origin and represents the natural 
distillation products of plants and animals buried in the muds and 
oozes of ancient swamps and seas. Vast rock formations, indeed, are 
known which are nothing more than the accumulated d6bris of in- 
numerable organisms, compressed, hardened, and changed into rock. 
Fossilif erous limestones, phosphate rock, and coal seams are familiar 
examples which underlie thousands of square miles of the earth's 
surface. It would be strange, in fact, if in the process of formation 
oils were not produced, when organic products to-day, subjected to 
heat and pressure, yield oily substances not unlike petroleum. Sedi- 
ments carrying organic remains are sufficiently abundant and wide- 
spread to account for all the petroleum that the oil fields of the world 
give promise of producing. 

OISTBIBUTIOlf. 

While petroleum is of very common occurrence in traces, areas 
underlain by commercial quantities are somewhat restricted and 
fields of great importance are few. Thus in spite of an intensive 
search for new oil regions and vigorous campaigns of development 
carried on in all parts of the world, the entire supply comes largely 
from three countries, as shown in the accompanying chart (fig. 2). 

In the United States, the output is derived from a number of 
widely scattered regions known as "fields," whose distribution is 
shown on the map (fig. 3), and whose importance is indicated by the 
charts (figs. 8 and 9.) In a broad way, these fields fall into two 
groups — those of the eastern half of the United States, bound into a 
single unit by an extensive system of pipe lines, and those of Califor- 
nia, connected with the rest of the country by railroad transporta- 

^ It l8 a rather cnrions commentary on the obsoleteness of American mining law that 
vertical boundaries are applied to oil deposits where they have no meaning, bat are not 
applied in the case of outcropping ore deposits, where they are both appropriate and 
desirable. 

•See figure 12. 
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tion only.^ The intermediate fields of Wyoming * do not come within 
this rough geographic classification, but with further development 
they will presumably be joined by pipe lines • with the group of the 
eastern half of the country. It will be observed that the Kansas- 
Oklahoma field of the eastern group and the California field are 
about equal in production and dominate the petroleum output of this 
country, together contributing over two-thirds of the total supply. 
(See fig. 8.) 

The development of petroleum production in the United States 
from 1880 to 1917 is indicated graphically by the chart (fig. 4). 
From the situation there depicted, two features of particular signifi- 
cance stand out — ^the slow increase in domestic production up to 1900, 
less marked than the increase in the corresponding foreign produc- 
tion, and the rapid domestic growth between 1900 and 1917, con- 
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Fig. 2. — WOBLD'S FBODUCTXON OF FBTBOLBUM IN 1916. 

SUBYBT. 

trasted with a nearly constant production for foreign countries dur- 
ing that period. This emphasizes the fact that since the beginning of 
the twentieth century, the rapidly increasing use of petroleum 
throughout the world has been met largely through the intensive ex- 
ploitation of American deposits. Thus the United States has as- 
sumed a dominant position in respect to this commodity, producing 
now two-thirds of the world's supply. 



THE INDUSTRY. 

The activities concerned with the production, transportation, 
fining, and distribution of petroleum constitute the petroleum indus- 
try. In quantity, value, and importance of production, this indus- 
trial field stands among the foremost in the country. It is notable, 
especially, for the scope of its operations, which embrace diverse 
activities usually the functions of separate industries — a characteris- 

^ Alio by water tranaportatioii through the Panama CanaL 

'Including Colorado. 

• Probably by way of the shale-oil region of Colorado. (See map, fig. 8.) 



34 BUIiLETIN 102, VOL. 1, UNITED STATES NATIONAL MTJSBUM:. 




v^ 



PETBOLEUM. 35 

tic arising from the peculiar nature of petroleum. In most other 
industries, to cite the most striking distinction, transportation over 
alien lines separates the producing activity from the manufacturing 
activity, creating a break between continuity of operations; in the 
case of petroleum, however, the liquidity of the crude product adapts 
it to specialized transportation through pipe lines, themselves a part 
of the resource development. In consequence, the petroleum indus- 
try in its ideal form represents a type of industrial activity more 
highly coordinated than other industries of the present day, afford- 
ing, therefore, an important object lesson for constructive considera- 
tion. 

The petroleum industry, in point of fact, however, is not coordi- 
nated throughout, but at present breaks into two portions, by no 
means in complete adjustment — ^the production of petroleum and the 
handling of petroleum with its threefold aspect of transportation, re- 
fining, and distribution. The conditions of producing crude petroleum 
are wholly different from those involved in its treatment after it is 
above ground. This is reflected in the circumstance that over 15,000 
individual companies are engaged in the mining of petroleum, while 
the organizations concerned with the handling of the product are 
numbered by a few hundred. A large part of the crude production,* 
therefore, appears above ground through the efforts of a great many 
small operators, while the bulk of the transportation, refining, and 
distribution is taken care of by a very few large organizations. 

, PRODUCTION. 

Petroleum is won in commercial quantities through wells drilled to 
varying depths into the crust of the earth. The drilling is commonly 
done by means of a heavy string of tools suspended at the end of a 
cable and given a. churning motion by a walking beam rocked by a 
steam engine. This method is known as the standard or percussion 
system of drilling. The steel tools, falling under their own weight, 
pulverize the solid rock encountered and literally punch their way to 
the depth desired. To prevent the caving in of the hole, but espe- 
cially to avoid the inflow of water from water-bearing formations, the 
well is lined or " cased " wholly or in part with iron piping, which is 
inserted in screw- joint sections at intervals during the drilling and 
forced down to positions needful of such protection. The well does 
not taper, but if deep changes to successively smaller bores at several 
points, resembling in section a great telescope.' 

*• Estimated roughly at fonr-flfths. 

' The drilling of an oil weU is graphically described by George Fitch in the ii>Uowing 
IMiragraph : 

"An oU well is a hole in the ground about a (inarter of a mile deep» Into which a man 
may put a raaall fortune or oat of which he may take a big one. And he never knowa 
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Another method of drilling known as the rotary system is also in 
common use, being particularly adapted to regions where the sides 
of the well tend to cave badly, as in California and some other locali- 
ties. This system requires more elaborate machinery than the stand- 
ard, as the drilling and insertion of the casing is simultaneous. The 
iron casing, indeed, is tipped with a steel bit and rotated so as to 
bore its way downward like a great auger. 

The oil well is marked by a tall wooden framework called a der- 
rick, which permits the string of tools and the casing to be inserted 
or withdrawn when necessary. It is the presence of derricks that 
gives the characteristic appearance to an oil field landscape. Oil 
wells vary from a few hundred feet or less in depth, requiring a few 
weeks only to drill, to those thousands of feet deep and demanding 
months of continuous labor before production starts.^ The cost of 
drilling normally runs from $1 up to $15 and more a foot,' while the 
rate of progress, except for shallow wells, ranges from about 60 down 
to 10 f e^ a day, slowing, of course, with depth. It is apparent, then, that 
oil-well drilling is a slow and costly process and makes a heavy draft 
upon the iron and steel industry, consuming indeed about one-twelfth 
of its output in ordinary times. 

A well favorably located eventually penetrates an oil-bearing bed, 
and the petroleum may spurt forth in a lavish stream under the in- 
fluence of the natural gas held in solution under pressure.* Such 
wells are called gushers and some pour forth prodigious quantities 
of oil.* Other wells flow with less violence, and many, lacking in 

until the hole Is finished * * *. It takes a couple of thousand dollars, several months, 
and a couple of noncommittal men in mud-plastered overalls to dig an oil well. They 
begin by going up about 60 feet When they have finished their derrick, they hang a 
drill on it weighing half a ton. Then the men hitch the drill to an engine and punch 
a 42-centimeter hole in the earth's crust. Sometimes, after they have been punching 
away for several weeks, the hole blows the derrick Into the sky, utterly ruining It. Then 
the owner shrieks with glee and employs 600 men to catch the spouting oil in barrels. 
But sometimes the derrick is as good as new when the hole is finished. Then the owner 
curses and takes the derrick away to some other place which smells oily." 

iThe deepest wells are slightly over 7,000 feet, but such depths are exceptional. The 
deepest weU in the world is near Clarksburg, W. Va., having recently reached a depth of 
7,868 feet, according to the U. S. Geological Survey. 

"This is the cost in normal times. At present, the cost is more than twice the usual 
figure. Thus to drill a weU 8,000 feet deep might now cost from $50,000 to $80,000. 

'The action is analogous to the rush of soda water from a bottle when the cork li 
removed. 

« " On the Fourth of July, 1908, the greatest oil well of the world was struck at 
San Geronlmo, on the Gulf of Mexico, 67 miles north of Tampico. When struck, the oil 
gushed so rapidly that before the fire in the boiler of the engine running the drilling 
machinery could be extinguished the flowing oil reached it and burst Into a mass of flame 
which for two months burned 60,000 to 70,000 barrels of oil per day with a flame from 
800 to 1,400 feet in height, and 40 to 70 feet in width, making light enough to be seen by 
ships 100 miles at sea, and to permit a newspaper to be read 17 miles away. After the 
loss of $8,000,000 the Are was put out, but the oil flowed so rapidly that It could not 
be carried away or put In tanks, and the Bngllsh owners saved their oil only by con- 
flnlng it in a reservoir one-fourth of a mile long made by heaping up earth embankments 
to keep the oil from flowing away like water. Bven this well was later surpassed by 
the Potrero del Lano No. 4 well near Tuxpam, Mexico, which yielded 160,000 barrels a 
day for some time." — J. Bussell Smith, Industrial and Commercial Geography, 1918, 
p. 409. 
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notable quantities of natural gas, yield only under the inducement of 
pumping. All wells, however, soon reach a maximum production, 
after which they pass into a period of decline, and eventually become 
extinct.^ So inexorable is this procedure that a curve may be plotted 
in advance depicting the future behavior of a given group of wells. 

When an oil well becomes extinct, its nonproductiveness does not 
signify that all the oil is exhausted. On the contrary, current prac- 
tice in general leaves over half of the oil underground still clinging 
to the pores and capillary spaces in the rock. To obtain a greater yield 
from productive groimd constitutes a problem of the first magnitude, 
and promising results have been obtained by forcing compressed air 
into some of the exhausted wells of a group, with* the result that the 
laggard oil is swept to the neighborhood of other wells from which it 
may be pumped.* 

When a gusher is struck, adequate facilities are often lacking for 
catching and storing the product, so that veritable lakes of oil gather 
between quickly thrown-up earthen embankments. Quantities, in 
such instances, are dissipated through seepage and evaporation, 
while disastrous fires of spectacular nature are hot uncommon. With 
more careful development, however, field storage tanks shaped like 
huge cheese boxes are in readiness to receive the oil and prevent the 
glaring waste inherent in more hasty operations.* 

Turning attention from the single well to the oil field, we observe 
that in petroleum mining sustained production depends upon an un- 
broken campaign of drilling operations. Thus the producers must 
not only draw oil from existing wells, but at the same time must 
persist in the drilling of an increasing ^ number of new wells and in 
the location of promising territory in advance of drilling. Any 
factor that retards any one of these three related activities quickly 
reacts to cause a falling off in production." 

Output, development, and exploration, therefore, must go hand in 
hand. In a general way, this threefold activity of production is 
carried on either as a large-scale engineering procedure or as a com- 
posite of small, individual operations. Large oil companies engaged 
in production naturally adopt what might be called the engineering 

I Wells during decadence are spurred into temporary renewals of actiylty by the 
explosion of charges of nitroglycerine at their bottoms. The life of an oU weU varies 
from a few months to twenty years or more. The average life of Pennsylvania wells Is 
estimated to be seven years. 

* See J. O. Lewis, Methods for increasing the recovery from oil sands : Bulletin 148, 
U. S. Bureau of Mines. 1917. 

*Only the most carefully constructed tanks prevent the escape of the volatile con- 
stituents of petroleum, 

*As an oil field ages, new wells yield less than the initial yields of the earlier wells, 
hence a growing number of active wells is necessary to maintain production. 

■For example there has recently been a strike in one of the Gulf fields, of such a 
nature as to affect not the current production, but the drilling campaign upon which 
the production of coming months is dependent. Thus a wave is started which wUl not 
be felt until the future ; and like all waves, once started, nothing can stop the reaction. 
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procedure, while small companies and individual operators tend more 
to follow what is picturesquely termed " wildcat " ^ operations. Thus 
the production of oU is in part dependent upon stable conditions, but 
in larger part is still a type of activity which approaches in con- 
siderable measure a gambling venture. This is why oil mining is 
generally looked upon and commonly described as hazardous from a 
financial standpoint. The hazard is inherent only in small-scale op- 
erations. 

The engineering type of production makes use of skilled geological 
knowledge in its campaign of oil production. The modem oil com- 
pany employs a large geologic staff, which determines by detailed 
field surveys the most promising spots for drilling.* The growth of 
oil geology has been rapid and while, of course, geologic science can 
not strike oil with every drill, it does multiply by many times the 
chances of each drilling operation. It has been stated that ^^the 
operator who plays geology has a fifty times better chance of striking 
oil than he who does not." • 

But in spite of numerous highly organized production activities, 
the fact remains that the petroleum production of the United States 
is in considerable measure dependent upon a hit-or-miss plan of ex- 
ploitation. Were it not for the wildcatter, who stakes his all (some- 
times borrowed) on the chance that a random hole drilled in the gen- 
eral vicinity of productive territory will yield the hoped-for return, 
the output of petroleum in a country which produces two-thirdB of 
the world's supply would fall to an utterly inadequate figure. The 
gambling iastinct is still the prime motive power that lifts most of 
the oil produced in this country. Familiar is the expression, once 
an oil man, always an oil man.^ 

* In strict oil'field parlance, to toildcat la to drill a well where oil has not been proven 
to exist, as opposed to drilling a well in the midst of producing wells. Thus both large 
companies and small may alike engage in wUdeatting, although, as a matter of course, 
most of the ioUdoatting is done by small operating units. 

A good picture of wildcat operations is given by W. S. Tower in The Story of Oil, 
1909, p. 66 : " To call a well a wildcat venture means merely that the drilling is done 
on untested territory, or on land not definitely known to be oil producing. The wildcat 
operation is, therefore, an out-and-out gambling process by a man who is willing to 
stake a few thousand dollars against heavy odds that he will find oil at some depths 
in a drill hole a few inches In diameter. If luck favors him, his winnings may be 
enormous ; if he loses, his only hope is to pull up, leave the hole where his money is 
sunk, and move to some other place." 

• The implication, of course, is not Intended that small companies do not employ 
geologic service, but, in general, the smaller the company the less likely it is to be capable 
of making the necessary expenditure. The Federal Government, through the U. S. 
Geological Survey, has rendered a signal service to the small operator through its pub- 
lished reports and maps covering oil regions, but the small operator has not in all in- 
stances taken advantage of even published geological Information. 

*Dorsey Hager, Bulletin American Institute of Mining Bngineers, October, 1917, pp. 
1793-«. 

*An unfortunat^and far-reaching consequence of the present method of production 
is the extension or the gambling aspect into widespread public consciousness, leading 
to a susceptibility to the purchase of stock in illegitimate oil-mining ventures. The 
losses involved in the readiness of the public to embrace the schemes of fraudulent oil 
promoters are untold and have reacted unfavorably upon public opinion In respect to 
the legitimate industry. 
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It is not intended, of course, to throw oil production into an un* 
favorable light by thus focussing attention upon its gambling aspect; 
to exert onerous effort (such as oil field development demands) under 
the incentive of rich possibilities of reward is a straightforward and 
legitimate business activity. It is frequently questioned whether oil 
development could be sustained without prospect of large pecuniary 
gain.^ The point is merely made that under present circumstances 
petroleum production is dependent upon this psychological aspect, 
acutely developed, which is both subtle and intangible, yet pro- 
foundly important in conditioning the output; this factor must be 
reckoned with in contemplating the course of the resource develop- 
ment.* 

^ It Is Interesting to note an English view of this aspect of prodnction : *' The large 
prodncers and refineries, appreciating the Talne of the specnlatiye oil seeker, foster 
ratber than discourage his activities. He absolves them from considerable preliminary 
expense In drilling and proving a new territory. Their work is reduced to parchaaing 
and transporting the raw material when it has been tapped. It is a development which 
is peculiar to the United States. In other oU-prodncing countries sach a tendency Is 
not supported.'* (Frederick A. Talbot, The OU Conquest of the World, London, 1014. 
p. 68.) 

'The distinctive "color" of oU production can perhaps be effectively conveyed by 
means of a number of quotations: 

" The great army of men who produce our oil for us are In many cases of the 
rough-and-ready sort, but they are not penny-splitters and they are not hold-up men. 
Few of them have diplomas to exhibit, and their English may not be of the best; but 
they know how to do things with their hands, feet, and heads — and I do not believe that 
there is a more loyal or a more likable bunch of men in the world." H. L. Doherty. 

" * « • the producing branch of the Industry ^ * * Is a picturesque blend- 
ing of temperament, personality, and psychology wit|^ aU the mingled burlesque and 
common sense that one would expect from unorganised energy and enthusiasm. Pro- 
duction is largely the outgrowth of the sporadic efforts of many ' wildcatters ' of many 
moods and varying eapabilitles." H. L. Wood in Sinclair's Iffsgailne, October, 1917, 
p. 81. 

" It is the speculative character of the work that appeals to the American. He is a 
bom gambler, delights in juggling with fortune; with him speculation is second nature. 
In the quest for oil he has unlimited capacity to gratify his desires to become rich 
quickly." This last is by an Bni^sh writer, Frederick A. Talbot, The Oil Conquest of 
the World, London, 1914. 

"Let us consider for a moment the vital question of drilling experimental wells — 
' wildcattlng ' — standing at the base of the discovery of new oU fields, without which 
the industry would dry up. For every field discovered there are hundreds — ^perhaps 
thousands— of experimental, worthless holes drilled—-' wildcat ' wells. The ' wild- 
catter ' is moved to take his long hasard, his big chance, his desperate gamble, through 
the highly speculative considerations surrounding his work — ^the hope of a great re- 
ward; realising; however, all the time that the chances are ten to one against his suc- 
cess • • • clearly, the practical course is to leave to the thousands of men who 
are willing when left free of interference and free to act upon their own voUtlon, the 
opportunity and the privilege of making the venture — ^taking the chance. Most of them 
will lose. The few who gain will deserve their reward. The sum total of their efforts 
will be for the world at large. ^ • • As a rule, large companies or corporations 
have not been the discoverers of new pools or fields, except in very rare instances. 
They are generally found by individuals or small groups of tenderfeet at the game 
• • •." Instances taken at random from an article, "The future of the oil in- 
dustry," purporting to represent the views of the "leading men of the industry." as 
ascertained by a questionnaire, published in the Semiannual OU Industry Review, The 
Evening Post, New York, Mar. 2, 1018. 4 

- • • • The optomlstic wildcatter, that virile pioneer of the oil field who cheer- 
fully takes the gambler's chance in the hope of reaping a reward commensurate with 
the risk." M. L. Bequa, War Service of the Petroleum Industry, Oildom, April, 1918, 
p. 214. 



PETEOLETTM. 41 

Production and consumption, of course, can not coincide in amount ; 
hence, of necessity, there are reserves of petroleum above ground 
which serve as an expansion and contraction joint, so to speak, be* 
tween supply and demand. When there is an overproduction in re- 
spect to current needs, the reserves or, as commonly termed, the stocks 
increase; conversely, with industrial expansion or lessened output, 
drafts are made upon the stocks, which then decrease. The condition 
of the stocks, therefore, is a sort of pulse to the crude-oil market, 
since prices, under the influence of the same factor of supply and 
demand, fluctuate in like manner. The stocks, under conditions of 
unorganized production, have come to be unusually great during the 
past few years, representing roughly in 1916 a six-months' supply.^ 
At the present time, under war conditions, the stocks are being 
rapidly depleted to meet a consumptive demand which is greater 
than the productive capacity of the country. 

The price of crude petroleum at the well varies considerably ac- 
cording to quality, distance from market, and other factors. The 
paraffin oils of light gravity, such as those produced in Pennsylvania, 
are the most valuable because they yield the largest percentage of 
products in demand, while the asphaltic oils of heavy gravity, such 
as those of California and part of the Gulf region, command a price 
roughly a fourth of that which the best quality oil enjoys. Thus the 
Pennsylvania crude commenced 1915 with a price of about $1.50 a 
barrel and ended 1917 at about $8.75, while during the same period 
California crude* climbed from about 85 cents to practically $1. 
These two types of oil represent the extremes of quality, with the 
factor of distance from markets nearly the same in the two instances. 
Between these limits range the prices of all the other oils of the 
country, the quotation at any given time and location being a com- 
plex of quality and of balance between supply and demand, with all 
the qualifications that the latter expression involves. The wide range 
in prices for a single raw material, with the utmost concession to dif- 
ferences in location and composition, suggests an undue discrepancy 
to be credited against the conditions under which oil is produced. 

The dependence of sustained production upon an unbroken cam- 
paign of drilling exploration, and the extent to which such a cam- 
paign is carried on by "wildcat" operations on the part of small 
companies and individuals, lead to many perplexing legal and eco- 
nomic difficulties. Land, of course, is rarely owned by the operator, 
so that he must ordinarily either purchase or lease the oil (and gas) 
right. The laws connected with oil lands have not been modernized, 
but are confusing and in part conflicting, so that the operator is put 

1 Tbe stock* havte been estimated as follows : On hand Jan. 1, 1916, 186,000,000 barrels ; 
on hand Jan. 1» 1917, 174,000,000 barrels ; on hand Jan. 1, 1918, 168,000,000 barrels. 
*That below 18* Baamtf in gravity. 
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to undue trouble and expense in meeting the legal requirements of his 
holdings. Moreover, the method of leasing imder small-unit opera- 
tions leads to a wasteful competition between neighboring wells in 
their race to secure a maximum production within the period of the 
lease — ^haste, with waste, being an economic necessity in such in- 
stances. In regard to lands owned by the Gbvemment, the legal regu- 
lations are so ill-adapted to progress that K. H. Johnson and L. G. 
Huntley in their " Principles of Oil and Gas Production," ^ remark : 
^ Most of the public lands which seem promising for oil and gas have 
been withdrawn,* since there is universal agreement by both Govern- 
ment and producers that the present law, by which oil and gas lands 
are taken as placer claims, is utterly unadapted to the industry.* 
The development of the lands which are not withdrawn would best 
be postponed until a new oil and gas prospecting permit and leasing 
law is passed, and the oil placer claim law revoked, except where 
work is already started." * 

ratAM8P0mTA.TI0N. 

One of the remarkable and impressive features of the petroleum in- 
dustry is the fact that the crude product is transported through a sys- 
tem of pipe-lines that connect the points of production with refineries, 
markets, and seaports. This method of handling is natural and inevi- 
table with a liquid product consumed in bulk, as evidenced by a some- 
what analogous method of transportation adopted for municipal 
water supply. While petroleum shares with coal the main responsi- 
bility for energizing the mechanical activities of the country, it is 
interesting to note that crude oil, unlike raw coal, imposes normally 
no appreciable burden upon the railroads. 

> New Tork. 1916, pp. 112-llS. 

*That U, closed to private development pending a determination of policy. The Sec- 
retary of the Interior, In a letter to the chairman of the Committee on the Public Lands, 
House of BepresentatlTes* under date of Apr. 24, 1917, writes : " Six million four hun- 
dred and ninety-one thousand one hundred and forty-five acres of public lands believed 
to contain oil are withdrawn from development. A part of this area Is proven terri- 
tory, in direct touch with pipe lines and refineries, and the product could be made Im- 
mediately available by the enactment of this measure. I therefore earnestly recommend 
that H. B. 8282 be enacted at the earliest practicable moment as a war measure.*' 
(Committee Print of Departmental Reports on H. B. 8282 and S. 2812, Washington, 1918, 
p. 4.) The matter is still (July 1, 1918) under abeyance. 

* See letter of the Secretary of the Interior to chairman of the Committee on Public 
Lands, under date of Jan. 8, 1916 (published In Committee Print of Departmental Re- 
ports on H. R. 8282 and S. 2812, Washington, 1918, p. 8), which states: "Oil and 
gas lands or deposits are now subject to location and entiy nnder the placer mining 
laws. These laws have generally been unsatisfactory, both from the standpoint of the 
prospectors and operators and of the Government. There Is nothing In the present law 
to protect the prospector during the preliminary period, when, through the expenditure 
of large capital, he Is engaged In drilling, and the limitations as to acreage contained in 
the existing laws are also a temptation to evade, through the use of dummy locations." 

« It Is unfortunately true that mining in the United States has been badly Impeded by 
a set of laws handed down from the past and wholly unadapted to modem conditions 
of mining. Sporadic attempts, usually unsueeessfnl, have been made to Improve certain 
details of these laws, but In general American mining law remains a discredit to the 
Nation. In the present war emergency the country is paying a heavy penalty for its 
neglect of this matter. 
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The pipe-lines of the United States, comprising those of the sub- 
sidiary compai^ies of the Standard Oil and a number of independent 
companies, aggregate thousands of miles in length and form a net- 
work spread over much of the country.^ They consist of trunk lines, 
the longest of which connects Oklahoma with the Atlantic seaboard 
by way of Illinois, and gathering lines leading into the main chan- 
nels. The whole system is comparable to the arteries and veins of the 
human body. 

The pipes vary in diameter from 2 to 12 inches, but 6 to 10 inches 
represent the common sizes. The piping is made of iron plate and is 
ordinarily placed below the surface of the ground. At intervals of 
from 15 to 30 miles, according to the viscosity of the oil, are pumping 
stations, where powerful pumps seize the spent oil and force it for- 
ward with renewed vigor. In the case of heavy, viscous oils, such as 
those of California, it becomes necessary to heat the product at each 
pumping station to facilitate its progress. Unlike a railroad, the 
pipe-lines, in general, follow a direct course, uphill and down.* The 
pipe-line facilities of the country are ample to handle the normal dis- 
tribution of the current production.* 

The significance of the pipe line in the development of the petro- 
leum industry has been great. It has made crude petroleum inde- 
pendent of the railroads^ and through cheapness of operation has 
lowered the cost of petroleum products; it has freed the refineries 
from geographic allegiance to areas of production and permitted 
their establishment at strategic points in respect to consumption of 
products; it has permitted and induced integration of activities, with 
marked advantage to the consuming public, but not unaccompanied 
by hardships and abuses falling upon small units of the industry 

^The approximate mileage of the principal pipe lines of the United States is listed 
in Committee Print of Departmental Reports on H. B. 3282 and S. 2812. House Com- 
mittee on the Public Lands* 1918, and sums up to 28»996 miles. The total length of all 
the pipe-lines is much greater. 

* An 8-inch pipe weighs 28 pounds per foot, and its cubic capacity is about 328 barrels 
of oil a mile. This means that millions of barrels of oil are required merely to keep 
the pipe-lines of the country active. The cost of an 8-inch pipe-line, on the basis of 
the costs of materials in California In 1914, is upwards of $20,000 a mile. (See Report 
of the Committee on Petroleum, California State Council of Defense, by Thelen, Black- 
welder, and Folsom, July 7, 1917, which represents a detailed and valuable study of the 
petroleum industry of California.) 

Pipe-lines are found in foreign oil regions as well as In the United States. In the 
Caucasus a line connects Baku with the Black Sea, 500 miles distant, passing through* 
a rugged and broken mountainous district. At Tuxpom, one of the oil ports of Mexico, 
pipe-lines reach out under water for more than a mile, permitting ships at safe anchor- 
age to be loaded. 

* The maximum daily capacity of the principal pipe-lines, as listed in Committee Print 
of Departmental Reports on H. R. 8282 and S. 2812, House Committee on the PubUc 
Lands, 1918, sums up to 1,908,760 barrels, over twice the daily production of the 
country. 

* A very important feature under present conditions, bringing up an obvious com- 
parison with coal, which needs a like emancipation, at least in part (See Bulletin 103 
of this series^ Parts 1 and 3.) 
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itself ; and by stretching out to meet a growing area of exploitation 

it has unified widely separated fields and enabled, production to 

grow to its present imposing size. The pipe line has woven the 

scattered strands of adventurous exploration into a steady flow of 

bulk raw material. (See fig. 5.) 
Some crude petroleum is transported in tank cars, but most of the 

60,000 ^ tank cars in operation in this country are engaged in moving 

petroleum products — ^gasoline, kerosene, and fuel oil chiefly. For 

transportation by sea, steel tankers and towing barges, fitted with 
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noncommunicating compartments, are employed for both crude pe- 
troleum and its bulk products. The development of the tank steamer 
has been an important factor in building up an important foreign 
trade in petroleum products, is responsible for a considerable coast- 
wise movement of crude and fuel oil,' and has opened the oil fields 
of Mexico to the United States and other markets. 



BBTINING. 

Crude petroleum may be burned as fuel and nearly a fifth of the 
domestic consumption is utilized in this way.' But most of the petro- 
leum is manufactured into a series of products which have wider 

^Approximate namber. 

' The tanker Is the only commercial rival to the pipe line ; moyements of oil from the 
Gulf to North Atlantic ports, therefore, normally go coastwise instead of OTcrland. 
■ A small proportion of the crude petroleum Is used for dressing roads. 
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usefulness and higher value than the crude oil, and it is upon this 
dominant part that the petroleum-refining industry depends. The 
refinery is merely an ingenious mechanical device whereby the raw 
material, through the agency of physics and chemistry, is fitted into 
the needs of society. As these needs are ever increasing in size and 
diversity, refining practice is in continuous flux, adapting a constant 
substance to a shifting and widening demand. 

At the present time petroleum yields, when completely refined, 
four main products — gasoline, kerosene, fuel oil, and lubricating 
oQi — and a large number of by-products,* of which benzine, vase- 
line, paraffin, road oil, asphalt, and petroleum coke are well-known 
examples. Most of these products in turn may be broken up into 
other substances, each the starting point of further refinements. 
Under present practice petroleum yields only a few hundred sub- 
stances of commercial value, but the mind can set absolutely no limit 
to the number of useful materials that chemical research may still 
wrest from this raw material. 

While refinery practice is a highly technical matter and varies 
both according to the chemical nature of the oil and the local demand 
for products, we may, for the sake of simplicity, ignore all details,' 
and note merely that there are three main types of refineries. The 
first of these is called a " skimming " or " topping " plant, because the 
light oils, gasoline and kerosene, are removed from the rest of the 
products, which are left behind as a residual oil and sold in this 
semicrude condition for fuel purposes. The " skimming " plant, as 
its name implies, makes an incomplete recovery of products, supply- 
ing only those in greatest demand or easiest to make; most of the 
plants of this kind are situated west of the Mississippi Biver. 

The second tjrpe of refinery may be termed the "straight-run" 
plant; this produces all four of the main products — ^gasoline, kero- 

^ These are commercial terms and therefore carry no exact meaning In a chemical 
sense. They are used throughout this paper with their usual rough significance. Since 
the products merge one into the other, there can naturally be between them only an 
arbitrary line of demarcation. As this line has not been precisely fixed, either by com- 
mercial usage or by legal standardization, the terms are merely broad expressions of 
the main fractions into which the crude oil is broken. Gasoline, as here used, covers 
those products of crude oil which are more volatile than kerosene; the term therefore 
embraces some benzine and naphtha. Kerosene, as here used, is the common type of 
illuminating oil representing the distillate heavier than gasoline, but lighter than fuel 
oil. Fuel oil is used as a broad term, including all distillates heavier than Illuminating 
oils and lighter than lubricating oils ; it Includes so-called gas oil — a high-grade fuel oil 
used in the manufacture of gas — as well as fuel oil proper, used largely for steam 
raising. The term lubricating oil includes a variety of heavy oils used for lubricating 
purposes. 

*The term by-product has no exact meaning, though Its significance is clear. For an 
economic discussion of this matter, consult page 06 of this paper, and Lewis H. Haney, 
Gasoline prices as affected by interlocking stock ownership and Joint cost, Quart. Journ. 
Bcon., vol. 21, pp. 64&-655. 

*Such details may be found spread over dozens of pages in standard treatises, such 
as Bacon and Hamor, The American Petroleum Industry, New York, 1916. 
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Bene, fuel oil, and lubricating oil — ^together with by-products, the 
process separating the crude oil into its natural components with the 
minimum of chemical change. The "straight-run" refinery lacks 
flexibility, because it has no power of producing, for example, 
more gasoline than the crude oil naturally contains.^ Such plants 
are situated in the East and other parts of the country where the 
demand, especially for lubricants, justifies the expense of the practice. 

The third type of refinery is of recent birth, but has made rapid 
strides toward a great future ; it employs the so-called " cracking " 
process, which yields, like the "straight-run" plant, a full set of 
products, but a greater percentage of gasoline than the crude oil gives 
upon ordinary distillation. This is accomplished at the expense of 
the heavier component oils, whose molecules are broken or " cracked " 
into lighter molecules, which constitute just so much additional gaso- 
line. It is obvious that cracking has developed in response to 
a growing demand for gasoline; its significance is apparent in the 
fact that it permits the production of a more valuable* product from 
one less valuable. With an increasing call for gasoline and a de- 
creasing supply of petroleum, cracking may be called the hope of the 
future as regards refinery advance. 

If we pause for a moment to contemplate the consumption of 
petroleum in the crude condition, and then the three types of refin- 
ing-^kimming, straight-run, and cracking— it becomes evident that 
each treatment represents a step in advance over the preceding, and 
that, while all four prevail to-day, the cracking refinery is in line 
with true progress and will eventually dominate the situation. 

Refineries, whatever the type, employ the principle of distillation 
in their operations. The petroleum is heated in stills and the prod- 
ucts vaporize, pass off, and are condensed in fractions, representing 
roughly the materials in demand. These products ave then purified 
by chemical treatment or transformed by chemical means into a 
series of secondary products. The production of the various kinds 
of lubricating oils needed for diverse uses i*epresents an intricate, 
yet single, part of petroleum refining; and is merely one aspect of the 
many ramifications foimd in refinery technique. The refining of 
petroleum makes heavy drafts upon other chemical industries — for 
example, in normal times, about one-tenth of the sulphuric acid pro- 
duced in the United States goes into petroleum refining — ^but the 
refinery in turn contributes many essential products to other chemical 
manufacturing activities. These industrial interrelationships, oft- 
times overlooked, are of the utmost significance — a fact strikingly 

^Sucli ttatements are true In a broad way only; the reader wlU ^mderstand that 
rigorous ecientlflc accuracy of statement must be partly sacrificed to gain slmpleness of 
expression. 
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brought out when one activity is called upon to expand more rapidly 
than some other activity with which it is geared.^ 

The refining of petroleum, requiring elaborate plants, is by nature 
a large-scale enterprise; hence such activities in the main have 
naturally come under the control of a few large organizations.* 
While several hundred individual refineries are in operation, the bulk 
of the output is due to the efforts of less than 10 companies. The 
refining of petroleum, therefore, is largely an integrated activity, in 
close alliance with transportation of crude, on the one hand, and 
distribution of refined products on the other. It has already been 
pointed out that the development of pipe-line transportation has 
permitted the establishment of refineries at points distant from oil 
fields, but convenient to centers of consumption and to seaports. 
Hence one of the largest refineries in the world is at Bayonne, N. J., 
consuming oil from the interior of the country. 

With the broad outlines of refinery technique in mind, it will be of 
interest to observe the shifting focus of development that has char- 
acterized the production of petroleum products in America. When 
the famous Drake well struck oil on Oil Creek, Pa., in 1859, an illu- 
minating oil distilled from coal and called ^^ coal oil '' was in general 
use throughout the country. Petroleimi, therefore, found a market 
already established for its illuminating constituent, which it usurped 
at once, quickly supplanting the coal-oil industry with a production 
of kerosene.* Although other products were also produced and 
lubricating oils made from petroleum found quick favor in connec- 
tion with a growing application of mechanical energy, kerosene be- 
came the chief petroleum product and for over 40 years its use 
expanded until this illuminant penetrated literally to the uttermost 
comers of the globe. It would be difficult, indeed, to estimate thiB 
value to the world at large of this cheap and convenient source of 
light, which has been aptly termed ^^ one of the greatest of all mod- 
em agents of civilization."^ During this period there was little de- 

^The apiMtrent failure to recognlie and allow for this fandamental principle has been 
the source of considerable trouble in connection with recent production aspects of the 
industrial situation in the United States. 

' Small plants can not focus on refinements of development* hence they mean resource 
waste. 

* To this day the term " coal oil *' is not uncommonly, though incorrectly, applied to 
kerosene. Crude oU itself was not adapted to illuminating purposes, but the fact was 
quickly discoTsred that a satisfactory oil could be distiUed from it ; and with the estab- 
lishment of that fSct a great industry was safely launched. 

**'A1I the world loves light, which is so necessary for the reading habit and the 
spread of civUisation, and kerosene made from petroleum is, in every continent, the 
most common Illuminant for the family lamp. For ages mankind had been depending 
upon vegetable and animal oils. Since remote times the lamps of south Burope have 
been lighted with olive oil. In northern Burope and America whale oil was more 
popular, but by the middle of the nineteenth century the demand for this oU had become 
so great that the whales were weU nigh exterminated, and the discovery of abundant 
petroleum and the art of using it came just in time to prevent a return to the gloom 
of the tallow candle." J. Bnssell Smith, Industrial and Commercial Geography, 1918, 
p. 404. 
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mand for the light products of distillation, the liquids now sold under 
the commercial name of gasoline, which were, therefore, largely waste 
products in an economic sense and even in some instances physically 

^^^^^ destroyed for want of any ade- 

'^ '^_^ '^*^. _ . .'"I* quate demand for their utiliza- 

; I ' i tion. Oasoline for a long time, 
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Toward the close of the nine- 
^50,000.000 1 . ^-'^l^^ /.^ teenth century, however, the com- 
mercial application of the incan- 
descent mantle in gas lighting and 
oo<^ooo,ooo I ;.._.•../. / ,; ^^^ development of the electric 

light introduced a type of illumi- 
' , I / J.'w\ nation so superior to the kerosene 

150,000,000 i_ _ /_ *^yr J - . "^ . j.1. J. XI. 

I ' y A^<:-/ .' lamp m convenience that the use 

• /"o.:/ /fi' of the latter was gradually rde- 

^oo,ooo,ooo . ' /^W.£^ «^*^^ ^ 1*^8® P*^' *^ *^® ™^ 

• /^\J^ /'. •• ••-?::v town, the country, and foreign ro- 

^u^^ '^\::^J^ gions, where the introduction of 

xzo^o.ooo^. ../L.^ , .:M0f ^ 8*^ ^^ electricity was not pos- 

^ .:•••■ V^^^jV^y I sible. Accordingly, in spite of a 

:'i;>^^:''.\V/ I T£L<yA aggressive campaign for 

100,000,000' j: I'-'vi-Vo}/ ♦ A foreign trade on the part of the 

,.. •;•;.;.'; .i;:.;';;;^.^^^ petroleum industry, the refinery 

I • •.^V•.;■:V.^i^ *1>>^ . \ faced the restrictions of a slowing 

50,000,000 '^;:'Oi^>»r^^ demand for kerosene which pre- 

•^!J<^^•-lvS saged a limit to the output of the 

^^^*^^^^ji« o.u-rnoouc''« : whole set of petroleum products. 

;^.v^•.:v^^{:^v■;v■.;;^^:;;:::^:^^vv>v:j B^t the meuace of this limiting 

Pig. 6. — chabt showing th« bblativb circumstance was destroyed, be- 
vALUBs OF THi PEiNciPAL PHTROLBUM f j^ bccamc eflfectivc, by the 

PBODUCTS MANUPACTUIIBD IN THB United , w'ov/wuxv? ^ii^^wx «, ^j w«w 

statbs pbom 1899 to 1914. notb the introduction and rapid advance 
DECHBA8ING IMPORTANCE OF KEROSENE f ^ intemal-combustiou engiuc. 

IN SUSTAINING THE COST OF REFINING, ***wj.**»a v/vr«Axv»ov*vr«« ^ax^a^^ 

AND THE NECESSITY OF EXPORTS FOE Tho phcnomcnal growth in the 

MAINTAINING A BALANCED OCTMT OF f ^J^ aUtOmobUe buUt UD 

PRODUCTS. Data from Story B. Ladd, »«*wr***w^x*x^ ^%xaxv **^ 

Petroleum Refining. Census of SUCh a heavy demand for gasoline 

Manufactures: 1914, Bureau of the ai^^x 4.i*:a •x«^J,,^* ^^vir./^ \^¥^ +k*^ 

Census. Washington, 1917, p. 10. ^^^ ^^^ product Came mto the 

lead and took up the burden of 
justifying the increasing refinery consumption of crude petroleum — 
a burden which kerosene, even with the aid of a growing market for 
fuel oil, lubricants, and other oil products, was scarcely longer able 
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to sustain. Gasoline now is the main prop to the whole cost struc- 
ture of petroleum refining.^ 

With the industrial quickening due to the entrance of the United 
States into the world war, the demand for fuel oil * has become so in- 
sistent that the complexion of the oil situation has again changed and 
the emphasis now falls upon fuel oil. And as the production of crude 
petroleum has not been able to keep pace with the attempted con- 
sumption of fuel oil, a serious shortage of this product has resulted ; 
even while the supplies of gasoline have been ample to maintain the 
activities of war, business, and pleasure.* 

If the course of development, as indicated by this broad survey of 
refinery evolution, be projected into the future, we may foresee a time 
when tiie petroleum industry will yield a range of fuels for the in- 
ternal combustion engine only; illuminating kerosene in quantity 
narrowing to that desirable for country use and export trade ; lubri- 
cating oils adjusted to the growing demands of mechanical power; 
and an ever-widening range of chemical products supporting a great 
oil by-products industry, rivalling if not exceeding the coal-products 
industry in importance. In respect to the last, it should be empha- 
sized that the United States to-day faces an opportunity similar to 
that which 20 years ago confronted both Germany and the United 
States as regards the manufacture of dyestufls, explosives, fertilizers, 
drugs, and other chemicals from the nonfuel components of coaL 

DISlSIBUTIOir. 

Many industries terminate their activities with the manufacture of 
commercial products, turning these over to independent agencies for 
distribution. With the petroleum industry, however, distribution 
forms an integral division of the industrial activity, a carefully plan- 
ned out construction of markets as part of the resource development 
being substituted for a demand ordinarily left to natural growth or 
maintained by costly advertising. Thus, once the oil is produced, it 
passes through the various stages of transportation, refining, and dis- 
tribution under the influence of a highly organized economic machine, 
a coordinated industrial unit, engaged not merely in adapting a crude 
material to diverse uses, but also in shaping and developing latent 
needs the world over into a demand which will sustain a balanced out- 
put of products. 

We have already seen how the pipe-line, and to a less extent the 
coastwise tanker, brings the crude petroleum to the refineries which 

^ For an interesting dlscnsslon of this matter, see Report on the price of gasoline in 
1916. Federal Trade Commission, 1917, pp. 52--58. 

'The demand for fuel oil has been accentuated by an inadequate coal supply and is 
in part a reflex from that circumstance. 

■Various aspects of this situation will be treated in the section on the war situation, 
pp. 8B-^9 of this paper. 
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are favorably located in respect to dtetribution. From the refineries 
the gasolme, kerosene, fuel oil, lubricating oil, and other petroleum 
products are sent forth to supply the needs of surrounding territory, 
while refineries near seaboard furnish heavy contributions to foreign 
trade. As distribution is a diverging process, and, moreover, the 
crude petroleum is broken into numerous products requiring separate 
handling, the pipe-line is not broadly adapted to this diverse haulage. 
Bailroad tank cars,^ therefore, receive the bulkier products and carry 
them to distributing depots, where storage tanks release the railroad 
carriers and supply tank wagons that radiate to fill the local needs. 
In this way the entire country is covered by a network of specialized 
transporation, each step employing a bulk carrier best adapted to its 
particular purpose both as to size and mechanical facility, the whole 
involving the maximum of expedition and simplicity. Without this 
highly organized system, with its far-reaching ramifications, the 
present widespread use of gasoline and kerosene would not be pos- 
sible. From the oil field to the consumer, the handling of petroleum 
is remarkably efficient. 

The arrangements whereby a foreign trade has been built up and 
sustained are no less elaborate. Fleets of tank steamers and freighters 
carry the products in bulk or in suitable containers to all parts of the 
world. Fuel oil, gasoline, and lubricants go in greater measure to 
industrial countries, but kerosene penetrates to every comer of the 
globe, a system of depots and distributing lines adapting the product 
to the needs of the most out-of-the-way regions. The care that has 
been bestowed upon the extensions of the market for kerosene, against 
every conceivable obstacle of climate, topography, and racial preju- 
dice, is a striking example of industrial foresight; yet without this 
policy, the whole oil industry would have been unable to expand to 
its present proportions. 

THE N^TUBAL GAS INDDSTBT. 

Natural gas is produced in large quantities in the United States, 
partly as a by-product from oil wells and partly from gas wells 
drilled in oil fields or adjacent territory. Both natural gas and 
petroleum are of common origin, the former indeed being merely a 
volatile component of petroleum, occurring either dissolved in the 
petroleum under pressure or migrated, as result of the advantageous 
degree of mobility favoring a gas, to positions more or less distant 
from the petroleum. The gas-bearing territory of the United States, 
therefore, embraces the productive oil fields and a considerable area 
besides. (See fig. 3.) Natural gas is won in 23 States, of which 
West Virginia, Pennsylvania, Ohio, and Oklahoma enjoy the largest 
commercial yields. 

* And to some extent barges where water transportation la advantageoaely aTallable. 
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The natural gas produced is of two types according to whether it 
carries a conspicuous burden of gasoline vapor or is lean in this con- 
stituent The jBrst type, as may be surmised, flows from an oil- 
productive stratum and is called '^ wet ^ or casing-head gas, since it 
makes its appearance from the casing-heads of oil wells. The second 
type is termed " dry " gas, and comes from portions of porous rock 
formations practically free from oil ; it is produced through gas wells 
more or less independently of petroleum output.^ 

While not vital to the country, because its use may be supplanted 
by other types of fuel, natural gas is of considerable commercial im- 
portance, as shown in the accompanying table : 

Belaiive cotnmeroial importance of fuitural gas, ewpressed on a per capita baait 

for 1915/^ 



Natural ns (cable feet) 

Artlflelatelty gas (oablo foet) 

By-product, ooke-oren cas (cubic feet). 

Crude petiDleum (barreit) 

Anthracite coal (tons) 

BltanUnous coal (tons) 



per capita. 


Value per 


capita. 


**'2^ 


$1.01 


1,818 


1.66 


840 


.06 


2.8 


1.70 


.9 


1.84 


4.4 


6.02 



Aversge 
pnoe. 



e|0.10 

• .01 

«.10 

.64 

4 2.07 

41. IS 



• Figures calculated on basis of population of 100,000,000 from data published In Mineral Resources of 
the United States for 1016, U. S. QeologlCBl Surrey. 

h Includes various types of artifldal gas as commonly supplied in municipalities. 

« Per 1,000 cubic feet. Note the marked dlsorepanoy in price per 1,000 cubic feet. The Intrinsio Talne^ 
as contrasted to the onrnmernjal value, Is l>-2, 1, and 1 respecfively. 

4 Price at mines. 

About one-third of the natural gas consumed in the United States 
is used for domestic purposes — ^lighting, cooking, and heating — while 
about two-thirds is burned in industrial plants under steam boilers 
and especially in metallurgical operations, glass and pottery fur- 
naces, and cement kilns, where the requirements of an intense heat 
call for gaseous fuel. In Ohio and Western Pennsylvania, in par- 
ticular, the abundant occurrence of natural gas has determined the 
location and widespread development of gas-fired industries.' 

^The two types of gas are i^radational, not sharply distinctive. "Wet" gas carries 
upwards of three-fourths of a gallon of gasoline per 1,000 cubic feet of gas, while much 
of the " dry " gas carries only from one to two pints of gasoline per 1.000 cubic feet. 
See George A. Burrell and others, Bztraction of gasoline from natural gas by absorption 
methods: Bulletin 120, Bureau of Mines. 1017. 

'Thus Ohio and Pennsylvania are the two leading States in the manufacture of clay 
products; the Pittsburgh district is the greatest glass-manufacturing district of the 
United States, while the iron and steel industry in the vicinity of Pittsburgh consumes 
an enormous volume of natural gas in its blast furnaces, foundries, and rolling mills. 
Natural gas has been " the fourth element in making western Pennsylvania more lib- 
erally supplied with fuel than any other place In the world. In that region a thick 
forest covered hills which were underlain with the magnificent coal deposits of the 
Appalachian field, while farther down was the crude petroleum and the natural gas 
that drove it spurting from the orifices in the rocks.*' The rising cost of natural gaa, 
coming with progressive exhaustion of fields, has caused a migration in the glass- 
making Industry, many plants having moved from Pennsylvania to West Virginia and 
from Indiana to Oklahoma In order to get cheaper fuel ; other plants in regions de- 
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Those activities concerned with the production, transportation, 
and marketing of natural gas constitute the natural-gas industry. It 
is largely independent of the petroleum industry, although partly 
overlapping in production. It consists, in the main, of a large 
number of independent companies in the form of public-service cor- 
porations, although some oil companies market their surplus gas. 
The drilling of gas wells is not essentially different from that of oil 
wells ; but gas, unlike oil, can not be stored in the field and hence is 
piped directly to centers of consumption. The gas emerges from 
new wells under high pressure,^ but as this declines within a com- 
paratively brief period, the gas field is equipped with compressors 
which serve to increase the speed and volume of the gas that may be 
transmitted through gas pipes to distributing stations. 

The wastes in natural gas have been appallingly great in the 
past, and even now, with some of the most glaring points of waste- 
fulness corrected, the resource recovery, by and large, is notoriously 
small. In connection with the production of oil, especially in fields 
distant from markets, there has been little incentive to bother with 
the gas, which has largely been looked upon and treated as a waste 
product, although now known to be necessary to the proper recov- 
ery of the oil. By means of mud-laden fluid, the gas-bearing beds 
encountered by the oil-seeking drill may be sealed off and the gas 
conserved for the protection of the oil beds and for subsequent recov- 
ery. The gas flowing from the oil-productive stratum along with the 
oil, particularly in the gusher and youthful period of production, is 
the casing-head gas from which, since 1910, a growing production of 
gasoline has been won. 

In the gas fields proper, which produce the bulk of the natural 
gas supplied to cities, the physical wastes which once prevailed have 
largely been alleviated by correct practice, but there is still economic 
loss, felt in prospect by the communities concerned, resulting from 
the circumstance that small leaseholds and competing wells force 
hasty extraction. This contributes to a general overproduction, lead- 
ing to an offering of the surplus gas to industrial plants at low 
rates in competition with coal. Thus, in 1915, the average price of 
natural gas to industrial users was 10 cents for each 1,000 cubic feet, 
as contrasted with the average rate of 28 cents charged domestic con- 
sumers, a figure none too high as compared with an average rate of 

dining In nataral-gas yield have turned to prodncer-gas made from coal, a lesa BatlB- 
fiurtory fael becanee not so high in heat Talne. (See The Glass Industry, Mlscellaneona 
Series No. 60, Bureau of Foreign and Domestic Commerce, 1917, pp. 187-188.) The 
mannfftcture of carbon Mack, or lampblack, used In pigments Is an Industry almost 
confined to West Virginia, where in 191S from 19,000,000,000 cubic feet of natural gas 
there was manufactured 17,000,000 pounds of carbon black, the gas for this purpose 
haying an estimated average value of 2.84 cents i>er 1,000 cubic feet. 

»In some Instances the pressure is so high, upwards of 1,000 feet to the square inch, 
that it has to be reduced before piping. In general the pressure of casing-head gas is 
much lower than that of *' dry " gas. 
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91 cents ^ for artificial city gas scarcely half as good. Since natural 
gas is the cheapest and most convenient fuel for the home, it seems 
unfortunate that the limited supply should be squandered for pur- 
poses for which coal would suffice. 

A full utilization of oil-well gas is dependent upon the course of 
progress in oil production, as the waste in this connection is merely 
part of the inferior utilization characterizing the petroleum resource. 
The proper utilization of " dry " gas, however, involves the elimina- 
tion of haste-forcing competition among the natural gas companies, 
which can only come from the control of gas fields by large, well- 
integrated units, so as to obviate the current overproduction which 
supports an undue industrial use in regions amply supplied with 
coal.' 

While the production of gasoline from natural gas has been largely 
confined to casing-head gas, because of its relative richness in gaso- 
line vapor, the recent development of absorption processes extends 
the possibility to the bulk of the ^ dry " gas produced. It is con- 
servatively estimated that a gasoline production of 100,000,000 gallons 
a year could probably be attained in this manner, and a significant 
start is already under way.' 

THE LIMITATION. 

We have examined briefly the character and occurrence of petroleum 
and reviewed in broad outline the industrial activity engaged in the 
exploitation of this substance. With the magnitude and importance 
of the petroleum industry in mind, it becomes desirable to observe 
the portion of the resource not yet used in order to measure its capa- 
biUty toward sustaining a growing responsibiUty. 

TBM PBTBOLIirM BB8UTB, 

While unmined petroleum, like other mineral resources not exposed 
to sight, can not be inventoried with a nicety of exactness, the proven 
and prospective oil fields of the United States are, nevertheless, so 
broadly known that the petroleum reserves may be estimated within 
a very reasonable margin of error.^ This has been done by the 

*The price of artlflclal city gnu It much higher fhan it need be In a rerleed eyetem 
of ftiel utUlaatioa. The cheap supply of natural gas offered Indnatrial neers has heen 
one of the factors retarding an effectiye market for by-prodact coke-oven gas, thus 
hindering to a certain measure the adequate derelopment of a coal-products industry In 
this country. 

* Natural gas production under eooperatiye or organised control could render a more 
distinct service in emergencies such as the present than it is capable of under current 
conditions. As a war measure natural gas must be ruthlessly sacrificed as a reserve 
brought to the aid of coal ; but such service should be distinctly temporary. 

* See George A. Burrell and others, Extraction of gasoline from natural gas by absorp- 
tion methods: Bulletin 120, Bureau of Mines, 1017. 

* Few, other than engineers, realised the extent and accurateness of the data bearing 
on mineral deposits which the rigorously scientific methods of the United States Geo- 
logical Survey have collected. 

7996&— 1^— Bull. 102, vol. 1 5 
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United States Oeological Survey and the accompanying table ahows 
in amplified form the balance ^eet as it stands at' present: 
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It is evident from the foregoing table, based on the accumulated 
knowledge of hundreds of workers in petroleum geology, that an im- 
posing proportion of the petroleum supply is used up. But this table 
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does not tell the whole story; the consumption of petroleum, to say 
nothing of population increase, is growing from year to year at a 
strong rate, so that a continuation of the present tendency would 
exhaust the petroleum remaining in an alarmingly short period of 
time. 

This aspect of the situation is depicted graphically in figure 7. 
With no pretense to prophecy, the diagram expresses the situation 
that faces the country to-day, and the most generous allowance of 
margin to cover possible underestimates of future discoveries does 
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not change materially the nature of the issue. A big fraction of the 
domestic petroleum is gone; whether that fraction is one-third, as 
present knowledge indicates, or is one-fourth or even one-fifth, 
makes no difference in the consideration demanded by the situation. 
The fact remains that the size of the fraction has meaning to people 
using petroleum to-day and therefore represents an economic factor 
that must be reckoned with now.^ 

It is, of course, very evident that the present tendency can not i)er- 
sist to the point of even approximate exhaustion,' because conditions 
naturally arising, such as price increase, growing imports, and others 
will serve to relieve the tension and thus spread the remaining 
supply over a greater number of years. So, in spite of its sensational 
character, the physical exhaustion of the petroleum resource is a 
theoretical matter of academic interest purely. But of practical 
importance is the period of economic stress that is ushered in when 
the resource faces a greater demand than it can fill in the customary 
manner. That is a period of readjustments to meet the new condi^ 
tions, and arrives far in advance of physical exhaustion. 

As a matter of fact, local adjustments are constantly under way, 
as petroleum fields reach their climax of production and pass into a 
period of decline. Thus each field forecasts the history of the re- 
source in its entirety (see fig. 8). These local adjustments affect 
the industry in the way of causing geographic shifts in activities, 
but they have thus far had no national effect, because youthful 
fields have heretofore been ready and able to sustain the shifted 
burden. But obviously a limit must eventually be reached when an 
adequate array of youthful fields will be lacking. A consideration of 
the present situation, in this light, brings forth the realization that 
such a dominant proportion of our petroleum supply is drawn from 
the Kansas-Oklahoma and California fields, that tJieir decline can 
scarcely expect compensation, without development of other fields to 
a degree to which there is no prospect. It is generally conceded, too, 
that these two fields have well-nigb, if not already, reached their pro- 
ductive climax (see fig. 8). 

It Would ^appear, therefore, that entirely apart from the size of 
the petroleum reserve, the dependency upon a cumulative oil -field 

1 Bnropean comitries have repeatedly faced the Impending exhaustion of a resource 
and therefore have gained experience In handling such a situation. But this matter 
presents an entirely new problem to the United States, and she naturally has no bunt-np> 
and tried-out machinery for solying it. The average person in this country to-day, or 
let US say a year ago* apparently looked upon a mineral resource (If he considered It: 
at all) as a clay bank, inexhaustible and to be dug Into at wllL Consequently, to cnrry- 
the figure farther, our Ideas of resource administration as reflected in public policy are* 
excellent for clay-bank resources (and we have some of that kind ; 1. e., cement, build- 
ing stone, sand, clay, etc.)* but not suitable for those more limited and elusiye mlnerala 
that must be wrested from the depths of the earth. 

' It woald appear thtft complete exhaustion could be achlcTed by destroying Inhibiting 
economic conditions; that is, by means of extreme measures of socialisation, such as 
fixing a price under a system of forced production. 
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development presages a time, soon to arrive if not already here, when 
the present rate of production can no longer be sustained in its full 
vigor. Just so soon as the aggregate output is compounded of senile 
and youthful fields, with the latter no longer in the ascendency, the 
resource as a whole will pass inevitably into a period of slowing and 
more costly production, even though the resource is yet but half 
exhausted.^ The period of economic stress, then, waits merely on this 
concatenation of circumstances, by no means upon a marked physical 
exhaustion of the resource. 
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It appears from the foregoing section that the petroleum re* 
source is not only strictly limited in size but also in ability to sustain 
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the present rate of increase in production. We may examine, then^ 
what would be involved in a curtailment of activities dependent upon 
petroleum, since this necessity lies in prospect, in order to be better 
prepared to weigh the gravity of the issue. 

As already noted, crude petroleum' is converted into four main 
products — ^gasoline, kerosene, fuel oil, and lubricating oils — and a 
group of substances less consequential at present which may be 
termed by-products. The social importance of these five classes of 
products may be examined in turn, although some of the points have 

& An oil field in its yontli is yigorons; then, in iMuHcalar, gnshers ponr forth their 
exuberance. Later, in maturity and with increasing age, the prodiiction is maintained 
with growing difflcQlty ; many more wells must be drilled ; the oU responds less willingly 
to stronger pnmping. Byentoally the production declines long before the field is near 
exhaustion. The gasoline content of the oil also decreases, as a rule, with the aging of 
the field or pooL 

. * Apart from the one-fifth, more or less, used in the crude condition, which fRllB 
largely into the class of fuel oil. 
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been intimated earlier in this paper and much of the matter is so 
universally familiar as scarcely to require even summary treatment 
For the latter reason, emphasis will be placed not so much upon the 
importance of these products as indicated by the past or even the 
present, as upon their potentialities which the course of affairs are 
bound to bring out, granted a continued supply. This, in point of 
fact, is the fairer method, for we are trying to measure off the futon 
significance of petroleum products against tiie impending inadeqas^ 
of the resource. 
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Gasoline is responsible for the most significant mechanical devel- 
I opment of the twentieth century — the internal-combustion engine.* 
' The growing use of this device for generating power, with its great 
I efficiency and adaptability to small movable units, such as the auto- 
mobile, has colored the whole face of modem civilization. Because 
of it, a wholly new type of automotive transportation has grown up, 
at a time when the long-established methods of cumbersome, coiU- 
energized haulage were beginning to impose a serious restriction 
upon the growth of industrialism and centralization.* 

' Dnlna, ladecd. the Intemal-eombiutlDii enclne hsB been reapooBlble Tor Uw diTclop- 
tncDt ot (BiollDe I Aa b matter o( (Bct. this ijpe of enclne wbb well known befoN IMO, 
•ItliDaKh lu KTOWtb hu been most striking during the past 18 yenrs. 

■Tbe electric motor, ot coarse, has ahared with the lDterDa|.combiiatlon englnB the 
credit of partly rreeloK tranaportatlan from tbe Tcatiictlona loberent In th« neceailtr 
(or baullug the lonrco o( Iti enettr 'n bulky torm. Furtlier tuma ot thia Important 
eonalderatlon are followed In ButtetlD lOS, Part B, of this Berlei. 
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The automobile, of course, first by its novelty and later by its 
appeal, has been the prime mover in the automotive development* It 
would appear to be unnecessary to partictdarise as to the social value 
of the automobile, as this matter is common experience. It may be 
said, however, that apart from its purely luxury use, with which we 
are not here concerned, the automobile has served to enlarge the pos- 
sibilities of modem life, not merely by contributing pleasure, but in 
improving opportunities for physical and mental recreation, social 
contact, and business activity, with no small contribution toward 
facilitating the livableness of the modem city. The automobile has 
gone far on the road toward solving the problem of personal trans- 
portation.^ 

An important outgrowth of the automobile development has been 
the motor truck, now used in great numbers for city and suburban 
delivery service, and coming into prominence in the more populous 
country districts as an efBdent agent for short-haul freight The 
importance of this matter is suggested by the fact that the motor 
truck in 1917 hauled over 60 ton-miles of freight for each person in 
the United States.* The possibilities of the motor truck are still 
largely unrealized; its continued extension may be expected to re- 
place largely the short spur line of the railroad ; and in connection 
with the growth of a network of good roads, a coimtry-wide auto- 
truck utilization will furnish an efficient feeder system to the trunk 
transportation channels of the country. In respect to the prompt 
delivery of farm produce, whether to railways or directly to towns, 
the motor truck has an exceptionally useful opportunity.' The 
whole problem of food supply, indeed, is closely bound up with the 
matter of adequate facilities of transportation * and appropriate use 
of mechanical power, for both of which petroleum products have a 
tremendous field of unrealized usefulness. 

The tractor for farm use is a still more recent development than 
the motor truck and the growth in its utilization during the past 
few years, especially in the Middle West, has been great. Coming 
into play at a time when the national food problem has taken on a 

^It 18 scarcely necessary to point ont that the automobile sopplements* hot does not 
replace, the standardised service rendered by the steam passenger train and the electtle 
urban and intemrban lines. 

* This was only a small fraction of the freight hauled by the railroads of the country, 
whose record In 1916 was 2,768 ton-mUes per capita, yet the proportion Is Important 
and growing. 

*The horse and mule for small-onlt haulage are destined to pass In large measors; 
they represent an engine consuming high-priced fnel nsefol otherwise as food, mnnlng 
24 hours a day whether used ^r not, and low geared with a capacity of only 8 to 4 
miles an hour at best. 

*The problem of good roads has neyer received adequate attention In the United 
States. A striking example of the Intricate Interrelstlonshlps of Industrial problems 
Is afforded by the fact that good roads in part rely upon the use of road oil, which la 
made both from petroleum and from coal tar, being thus dependent upon the adequacy 
of the petroleum-products industry and the coal-products Industry. 
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world-wide aspect, the tractor assumee the utmost present impor- 
tance, while the future demands an extenrion in its use such as may be 
expected to largely relegate to the past the old-fashioned methods of 
hand-power and horse-power tillage. Indeed, upon the growing use 
of mechanical power upon the farm by means of the tractor, the 
motor truck, the stationary engine, and the automobile — all depend- 
ent upon a cheap and adequate supply of motor fuel — ^the food supply 
of the future turns. Farm work must be made more agreeable and 
more efficient if a growing population is to be f ed.^ 

The present importance and future significance of the stationary 
internal-combustion ^engine, the motor boat, and the airplane need^ 
scarcely be touched upon here. As to the last, its use in the present war 
has led to such a development in flying technique as to justify the 
expectancy that this speedy and mobile agent will soon come into a 
growing measure of service and use in the affairs of civil life.' 

Back of the widespread utilization of the internal-combustion 
engine stands a great industry engaged in the manufacture of auto- 
mobiles, motor trucks, and tractors. Starting scarcely two decades 
ago, this activity has grown until it now represents the third indus- 
fry, in point of financial value and importance, in the country. In 
1017 motor vehicles of all kinds to the nimiber of 1,814,988 are re- 
ported to have been manufactured in the United States, having a 
wholesale value of nearly $1,100,000,000." As may well be appreci- 
ated, the automotive industry, by virtue of the kind and amount of 
labor to which it gives employment, of its ramifying sales agencies 
and extensive advertising, and in turn through its use of steel, alu- 
minum, nickel, rubber, leather, wood, and other raw materials, ex- 
tends its roots throughout much of the industrial fabric of the coun- 
try. This industry is wholly dependent upon the adequacy of petro- 
leum products for continued growth. 

It would appear, then, that curtailment in supply of motor fuel 
would affect a remarkably wide range of interests. The automobile* . 

^ This whole matter Ib of the utmost Importance, with many complexities that can not 
be gone Into here. The agricultural Industry should be the greatest of all industriesi, 
but Instead It Is merely a loose assemblage of disjointed, individual actlyitles, with a 
tendency in many sections to disintegrate further rather than to unity and undergo 
organisation. With some notable exceptions, therefore* it has made little progress 
toward eifectiyeness in a broad way — the toil of the fftrmer is still notorious — and the 
Government as yet has taken few broad, constructlye steps looking toward cooperatlTO 
developments in farming, confining its efforts tl^us far largely to polishing off details 
in the present inadequate system. Fertilisers and tractors, under organised cooperative 
effort, spell the solution to the food problem — a problem which otherwise will become 
stiU more critical within a very few years* whether the war persists or not It is a 
curious and pathetic anomaly that the two most basic industries in the United States^ 
the food-production " industry " and the coal industry, are the most inefficiently or- 
ganised! 

•A modem miUtary airplane consumes about 20 gallons of gasoline an hour. The 
Qoantity of gasoline for the American fleet in course of construction will amount to 
several mUlion barrels a year. 

• The Annalist, Jan. 7, 1918, p. 10. 
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owning public, farmers, business activities using motor trucks^ 
and the automotive industry with its ramifications — or expressed in 
another way, transportation, food production, and a large branch of 
manufacturing — ^all have a vital concern in this matter. Under a 
waning petroleum supply, these various activities would suffer a 
progressive narrowing in scope which would be the antithesis of the 
continued progress that their importance urges.^ 

In respect to kerosene, we have previously observed that this 
illuminant has brought a dieap light to millions of people the world 
over.' This commonplace substance has been America's greatest gift 
to the uncultured peoples of the globe. With the latter-day develop- 
ment of city lighting, however, the kerosene lamp has been displaced 
in civic centers, but it still remains the solace of the evening hour 
among the country folk of this country and the natives of nearly 
every foreign r^on. A failing supply would return much of the 
world to the gloom of the flickering candle, a setback that it is the. 
altruistic duty of this country to circumvent, if consistently possible. 
Over half of the petroleum currently produced is used as fuel for. 
steam raising, this portion including the crude petroleum employed 
for fuel purposes and the fuel oil proper turned out by petroleum 
refineries. The whole southwestern portion of the United States is 
I wholly dependent upon fuel oil; Pacific coast shipping and naval 
/ activities on both oceans draw much of their energy from this sub^ 
1 stance ; and with the progress of war activities a growing number of 
industrial operations of the eastern half of the country are employ- 
ing this convenient fuel. While the application of fuel oil to 
steam raising is an economic perversion, for which the penalty is se- 
vere, the fact remains that the United States is, for the time being 
at least, hopelessly entangled in the necessity of prolonging much of 
this M^asteful practice, an unduly forced reduction of which would 
be fraught with disastrous consequences, particularly for th« South- 
west. The use of fuel oil, however, has grown so extensively during 
the past year that an overburden now rests upion it which will bring 
an inevitable train of industrial disasters in the coming months, as 
the supply is wholly inadequate to sustain even the current demand. 
Unfortunately, the swing away from coal in favor of fuel oil is 
still continuing. 
. As regards lubricating oils, we are confronted with the fact that 
\ the whole mechanical equipment of modem civilization is dependent 

>Tlie possibUities of oU-energlied antomotiye agendet are so great and Tital that 
before long It wUl be looked upon as an inconceivable folly that oil ahoold ever have 
been used for steam raising, the most glaring economic perversion that this country 
has ever been guilty of. 

* Part of the kerosene produced is also used in stores for heating and cooking, part is 
now used in the engines of heayy trucks, and stUl another part in process of manu 
fixture is ** cracked " into gasolina 
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upon lubricants made from petroleum.^ For purposes of reducing 
friction (L e., conserving energy), few substitutes are in sight for 
mineral oils;' vegetable and animals oils, although preferable for 
certain highly specialized purposes, are unsuited for general employ- 
ment, as they oiddize and thicken with use, and t«id to become rancid 
and attack the metal bearings which they cover. With the passing of 
petroleum, mineral lubricants will be manufactured from oils dis- 
tilled from shale and from coals, according to methods in operation 
to-day in countries lean in petroleum, as Scotland and Germany.* 
At the present time, in the United States, petroleum is produced and 
manufactured into products far in advance of lubricating needs, 
which means that the lubricating portion of the resource is being 
exhausted at a rate dictated by the demand for oil for power genera- 
tion. Thus the exhaustion of our principal lubricant resource is being 
accomplished with much greater dispatch than is justified by true 
necessity, since part of the fuel demand could be filled by means 
(i. e., coal and hydroelectricity) not involving a sacrifice of potential 
lubricants. 

Finally, in regard to the large array of by-product substances which 
are jnimufactured from cru4e petroleum, it is evident that these 
products, which to-day have an aggregate value of scarcely 10 per 
cent of the total output of the petroleum industry, represent a wealth 
of raw materials, one step removed from the parent, which together 
have literally an infinite field of growth, except for limitations of 
supply. Apart from the present importance of oil by-products, 
which concern such fundamental matters as paint manufacture, road 
construction, food preservation, and life conservation,^ petroleum 
holds out reasonable prospects of supplying in important amounts 
edibles, synthetic rubber, and dyestuffs at no distant date, while an 
intense focus of chemical research on the matter may be expected to 
yield a flattering return in many additional directions which now can 
not be wholly foreseen. The accomplishments to date of this kind 
in the field of coal products are already well known, although even 

1 Writes M. L. Requa (Senate Doc 868, 64th Congress, 1st session. Mar. 0, 1016, p. 6) : 
"For it [petroleam] tbere is no satisfactory substitute as a lubricant; its ezhaustlon 
spells commercial chaos or commercial subjugation by the nation or nations that control 
the future source of supply from which petroleum tvUl be dertred. There Is but ona 
escape, and that Is the discovery of some substitute, now unknown, that will as effica- 
ciously and economically lubricate the machinery of the Nation. • • « *• 

■ Roughly, one-half pint of lubricating oil Is required for each ton of coal made into 
power. Castor oil offers interesting possibilities as a lubricant 

* There is reason to belicTe that Germany is buffering a serious shortage In lubricating 
oils, a dearth which she is only in part relieving by the use of oils made from the dis- 
tillation products of coaL (See Nature, Jan. 24, 1018, p. 414.) Should drcumstancea 
arise under which the petroleum fields of the Caucasus are threatened, the critical bear- 
ing of this Juncture, as offering to Germany the prospect of an adequate supply of 
lubricants and other petroleum products, should be held clearly in mind by the allied 
countries. 

«Tbe use of petroleum products in medicaments and of paraffin in treating burns 
are interesting examples. 
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yet the United States is not taking adequate advantage of its possi- 
bilities in this respect ; oil by-products afford perhaps even a greater 
opportunity than stretches out from coal products, but with the 
difference in respect of the former that the trail is as yet scarcely 
blazed.^ It would not be an exaggeration to say that oil by-products 
represent one of the foremost industrial opportunities that confront 
the American Nation to-day. 

In this connection an interesting vision opens up as to how a great 
oil by-products industry, through the values accruing to successive 
refinements of products, may be led to contribute more than it now 
does to the expense of petroleum production, relieving to that extent 
the cost distributed among the products universally used in bulk 
such as gasoline. It would seem that a f arsighted economic policy, 
properly directed, might eventually contribute to a lowering cost for 
motor fuel, just as a proper shaping of coal economics could be made 
to relieve the focus of expense now exclusively borne by fuel coal — 
the two conspiring to lower the cost of living. 

THB WAft 8ITUATI0K. 

The latent weakness of the petroleum resource became apparent 
under the influence of war stress. By encouraging the petroleum 
demand without being able to stimulate the supply in like degree, 
the war merely brought into the immediate present an issue under 
way and scheduled to arrive in the course of a few years. The 
war, therefore, permits us to observe the weak points in the re- 
source development as experienced facts, instead of in the light 
of logical deductions even one stage removed from observation. In 
short, the war brings the petroleum issue to a head, making the whole 
problem of the resource a problem of the present emergency also. 

The importance of petroleum to modem warfare is obvious and 
needs no detail here. It is natural that the American resource 
played an important war-time role and in turn has been strongly 
influenced by the martial situation.* 

The outbreak of the European war in 1914 found the petroleum 
industry of the United States suffering from a period of low prices 
and depression occasioned by a gross overproduction in the Mid- 
Continent field, due principally to the remarkable yield of the noto- 
rious and unexampled Cushing pool ' in Oklahoma. The demorali- 
zation of the normal course of international conmierce also added a 

>A good picture of the problems facing the petroleum indnetry it painted by Bacon 
and Hamor, The American Petroleum Induatry* 1916, pp. 798-806. 

* A good account of the war reactions of petroleum is glyen by John D. Northrop, Our 
mineral supplies : Petroleum, Bulletin 666-DD, U. S. Geological Survey, 1917. 

*This pool, from June, 1914, until April, 1915, when it attained a maximum produc- 
tion estimated at 800,000 barrels daily (oyer one- third of the output of the entire 
country), dominated the petroleum industry of the whole United States. 
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destructive element to the marked abnormal conditions affecting the 
industry y but readjustments in foreign trade were quickly effected 
and the unfavorable consequences of eactemal circumstances were not 
long continued or far-reaching. Toward the end of 1915, owing to 
the declining output of the Gushing pool, to the acquisition by a few 
strong companies of a vast accumulation of surplus petroleum in the 
Mid-Continent field, thus withdrawing it from the open market, 
and to the general increase in automobile consumption of petroleum 
products, a tension between supply and demand developed which set 
prices on a steady climb, renewed confidence in the situation, and 
started a phenomenal wave of wildcat exploration in search of new 
supplies. This impetus met with a quick and successful response in 
the way of output ; so much so indeed that the latter part of 1916 saw 
a measure of overproduction, with consequent price depression ; less 
marked, however, than the sustained period of 1914-15. Thi^ 
second slump was a passing incident, for the demand for petroleum 
was too insistent to be met with continued ease. The advent of 1917, 
then, saw prices and demand again on the upward grade and at a 
height overlooking the attainments of the past. 

With the entrance of the United States into the war in April, 1917, 
it became very evident that the petroleum fields of the country had 
an important, and at the same time, difficult role to play — ^important, 
because an enlarging demand was in prospect to maintain the in- 
dustrial and military activities of the allied cause; difficult, because 
production, hampered by a growing complexity of circumstances and 
already shoved to an extreme of activity by favorable prices, pre- 
sented no prospect of filling the total demand, with little chance of 
the margin being covered by a growth of imports from Mexico. 

As a result the petroleum resource to-day faces a demand that it 
can not meet. This situation is depicted graphically in figure 10. 
It may there be seen that the relations of 1917 can not be sustained 
throughout 1918 without the arrival of critical conditions, and a con- 
tinuation through 1919 is impossible. The United States is now 
(Aug., 1918) consuming and exporting more petroleum than she is 
producing from her own wells and receiving from Mexico. The dis- 
crepancy, which is growing from month to month, is covered by a 
draft upon the petroleum storage in this country, the amount on 
hand January 1, 1918, being about 153,000,000 barrels.^ And while 

^It may be pointed out that this storage can not safely be reduced below a certain 
minimum figure, say 50,000.000 barrels, needed to fill the pipe Unes and keep the whole 
industry in coarse of opemtton. 
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the total demands for petroleum are increasing at a growing rate, the 
rate of production is slowing and there is scant hope of soon increas- 
ing the supply from Mexico.^ In fine, the resource is not equal to 
all the demands looking to it. 

We may examine in closer detail the trend of the growing demand 
for petroleum. As a result of the general speeding up of industrial 
activities, especially during the past year, there has not merely come 
an increased demand for all the petroleiAn products, but this demand 
has been preferential, focusing with particular intensity upon fuel oil. 
Especially has this tendency been marked in the eastern part of the 
country, the far West already having long been almost entirely de- 
pendent upon oil fuel. The growing use of fuel oil in the East 
during 1917-18 was partly, if not primarily, a reflex from the coal 
shortage.' Many industries, finding coal difficult or impossible to ob- 
tain, turned to fuel oil, which for the time being was ** easier" 
than coal, due to the enterprise and superior distribution organi- 
zation of the petroleum industry as compared with the coal in- 
dustry, hampered by more critical limitations in transportation. 
Even to-day there is reason to believe that many enterprises under 
construction are planning on oil fuel in place of coal, while among 
established industries a shift from coal to oil has been going on to an 
extent not generally realized. 

Thus coal shifted part of its burden to petroleum and there is 
now a shortage of fuel oil, with good prospects of a critical dearth of 
this substance. While such matters are not open to accurate measure^ 
it is roughly estimated that this shift has relieved upward of 10,- 
000,000 tons of coal during the past winter, much of that gen- 
erosity being displayed in the very heart of the coal regions. That 
has happened even in Pittsburgh, the center of the most important 
coal district in the world. It is evident that such relief can only be 
temporary, and a continuation will soon lead, if it has not already, to 
more serious difficulities and eventually to a disastrous breakdown of 
fuel supply. It is absolutely essential to turn the tide back toward 
coal in the instances in question, with the possible exception of New 
England, where the change, due to peculiar transportation conditions^ 
is valid. If coal can not meet the issue, then industrial activities must 
be curtailed. There is no other way out.' 

As the demand for fuel oil for some time has been in advance of 
the demand for gasoline and other petroleum products, there has been 

^ If transportation from Mexico to this country can be facilitated by the constmo 
tlon of concrete tankers or otherwise, the situation may be considerably eased for tlie 
time being. 

' It has been Influenced also by Increased nayal and military needs. 

'It Is Interefttlnx that the most conspicuous maladjustment In the normal utillsiitioii 
of petroleum — the use of oil for steam raising — should have become the point of greatest 
weakness under war conditions. But snch outcomes are inevitable. 
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no critical dearth of the latter, as they, or at least gasoline, must be 
turned out in quantity to support a growing production of fuel oil. 
This is why there was plenty of motor fuel at the time when there 
was a shortage of fuel oil. This also explains why it was unwise at 
the outset to cut down on the use of unessential automobiles as a 
measure of petroleum conservation; that action would merely have 
destroyed a market for gasoline, which supports the price-structure 
of petroleum, without being able to materially increase the bulk of 
the fuel oil turned out. With increasing stress, however, it be- 
came necessary to pare down on gasoline consumption, but only as an 
accompaniment to a siniilar procedure for fuel oil. 

The stimulation of domestic petroleum production to the utmost 
degree, the alleviation of labor difficulties and shortage of materials 
affecting oil-drilling, and the solving of shipping problems concern- 
ing coastwise and Mexico-to-ITnited States movements of oil, are all 
matters of the greatest importance, which are receiving the active at- 
tention of the Government. It is not the function of this paper, 
which is concerned with a general economic study of the resource, to 
treat of these matters or presume even to suggest wherein the solu- 
tion of the current problems lies. The war situation is here touched 
upon only in the belief that it illustrates unmistakably the unsound- 
ness of the loose way in which the resource has been drawn upon, and 
points to the necessity for measures, not merely of alleviation, but of 
reconstruction in regard to the exploitation of the resource. 

THB PROBLEM. 

Sufficient, perhaps, has been set forth to indicate that the petro- 
leum industry is not a separate activity to be dispensed with if neces- 
sity arises, but that its products are essential to the vital needs of the 
Nation. Indeed, it would scarcely be too much to say that the whole 
future of civilization depends upon a continued supply of motor 
fuel and lubricating oil, while the oil by-products potentiality holds 
out the prospect of presenting to the world, through the energies of 
this country, a gift even greater than kerosene has been. It would 
appear to follow, therefore, that these affairs should not be ham- 
pered or curtailed, if in any way the resource or its equivalent may be 
made to carry the responsibility well into the future. It is a matter 
of universal concern, then, to inquire if the impending exhaustion 
of the resource may be circumvented by modem scientific and tech- 
nical knowledge; and if so, to ascertain the best procedure whereby 
this constructive force, as yet not fully used in this country, may be 
brought into effective action. 

Granted that curtailment of activities fundamentally dependent 
upon petroleum is undesirable,^ we may pass in review the means 

^Thts does not apply unqaallfledly to fuel oil used for Bteam-ralsing parposes, as 
shown on page 61. 
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whereby the capacity of the resource may be enlarged so as to post- 
pone or obviate the necessity for such curtaihnent. These means will 
be examined without special reference to their immediate availability 
under current economic practice, reserving for the next section con- 
sideration as to how the most important of them may be brought 
into effective play. 

The enlargement of the resource capacity may be brought about 
in three ways : By prolonging the life of the unused portion of the 
domestic resource as it is now known ; by developing low-grade do- 
mestic sources not yet drawn upon ; and by building up the use of sub- 
stitutes, particularly for gasoline, upon which a heavy and growing 
demand is falling. 

FBOLOMOIKa TBI LIVB 01* TBI mSOUIUlI BBSBRTI. 

The supply of petroleum unmined is so limited that the maximum 
should be obtained from it in order to prolong its availability. The 
enlargement of the reserve through the discovery of new oil fields, 
the elimination of wastes, and the extraction of a greater measure of 
service from the products represent the lines of progress in sight^ 

Discovery of new oU /fo&fo.— While much of the oil-bearing terri- 
tory of the United States is still undrilled, there is no hope that new 
fields, uncounted in our inventory, may be discovered of sufficient 
magnitude to modify seriously the estimates given. The reasonable- 
ness of this assumption will appear from considering the fact that 
between 1908 and 1916, during which time the most active exploration 
campaign in the history of oil development was carried on, the reserve 
was enlarged by only 1,200 million barrels, a scant three years' supply 
at the present rate of consumption. This means that the petroleum 
resource of the country, like the coal resource, is now fairly accurately 
measured ; and it would be vain to expect a significant increment from 
an unforeseen direction. Of course, new strikes and oil booms are to 
be expected, but these will lie for the most part within the area al- 
ready represented in our measure of the petroleum reserve. 

Elimination of wastes in production. — ^Far more may be accom- 
plished in the way of enlarging the reserve by the elimination of un- 
necessary wastes in connection with production.* Under present 

1 The bearing npon the matter of the oil fields of Mexico and Central America la dla- 
coaaed on pages 76, 77. 

* An effectlye and readable description of the physical wastes inyolyed In oil prodne- 
tion nnder present practice will be found In the Yearbook of the Bnrean of Mines, 1916. 
by Van H. BCannlng, Washington, 1917, pp. 116-188. The technological InTestlgatlons 
of the Bureau of Mines haye been of the highest yalue to the Industry in the way of 
supplying the technical means whereby these wastes may be combated. The ensuing 
paragraphs under this heading are largely a record of the aocompUshmenta of the 
Bureau of Mlnea In this connection. 
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practice, from 90 to SO per cent of the oil is left underground.^ Then, 
of the quantity produced, an appreciable percentage is lost by fire, 
and a significant portion dissipated by seepage and evaporation due 
to inadequate storage facilities.' On the average, therefore, it is safe 
to say that less than 25 per cent of the petroleum underground reaches 
the pipe line. If we subtract from this proportion the losses in- 
volved in improper and wasteful methods of utilization, the recovery 
factor becomes perhaps as low as 10 per cent.* 

Knowledge of petroleum technology is far in advance of its appU- 
cation to oil production, due to the fact that this country is actively 
engaged in producing such knowledge, but has at the same time 
provided no adequate machinery for putting this knowledge into 
play, once it is produced.^ Of course part of this advance gets into 
action where the gain from such application accrues to specific inter- 
ests, but by and large there is a marked underconsumption of tech- 
nological science, the discrepancy being often oredited, though with 
<Iuestionable validity, against the difference between theory and 
practice. We may review some of this technological knowledge 
already in stock, having in mind that the supply is rapidly in- 
creasing.* 

1 " Estimates of the total amount extracted range from 10 to 70 per cent, 90 to 80 
per cent being left in tlie ground." — Van H. Manning, Yearbook of the Bureau of Minea, 
1917, p. 127. 

" It is uniyersally acknowledged that by the usual production methods much oil is 
left underground, the general opinion being that at least 60 per cent of the oil in a 
field remains unrecovered when the field is abandoned as exhausted. From tiie writer's 
own investigations he believes the average recovery is even less « * * ** — j. o. Lewis, 
Methods for Increasing the recovery from oil sands, Bulletin 148, Bureau of Mines, 
1917, p. 7. 

'Evaporation robs petroleum of its lighter components (1. e., gasoline), hence the 
▼alue loss Is much greater than is apparent from the bulk removal. 

*Thi8 is not to be taken as an exact figure, but merely as « rough expression of 
magnitude. No one, of course, can estimate such a matter closely. Twenty per cent 
would certainly be too high; 10 per cent, therefore, is not far from the true proportion 
and is a very salutary figure to accept. 

" What effort have we made to conserve this supply and to utilise it to its greatest 
advantage? We have made littie effort until very recentiy to do these things. We have 
been wasteful, careless, and recklessly ignorant. We have abandoned oil fields while a 
large part of the oil was still in the ground. We have allowed tremendous quantities 
of gas to waste in the air. We have let water into the oil sands, ruining areas that 
should have produced hundreds of thousands of barrels of oil. We lacked the knowledge 
to properly produce one needed product without overproducing products for which we 
bave little need. We have used the most valuable parts of the oil for purposes to which 
the cheapest should have been devoted. For many years the gasoline fractions were 
practically a waste product during our quest for kerosene ; with the development of the 
Internal-combustion engine the kerosene is now almost a waste product in our strenuous 
efforts to increase the yield of lighter distillates." (Yearbook of the Bureau of liines, 
1916, Washington, 1917, p. 117.) If we add to this quotation the statement that gaso- 
line is now almost a waste product in our efforts to make fuel oil help out a bad coal 
situation, the picture will be true down to April, 1918. 

* An analogous situation would obtain if laws were made with no provision for putting 
them Into execution. 

*The treatment here, of necessity, merely touches on the more significant features. 
For details the reader is referred to the numerous publications of the United States 
Bureau of Mines concerning this matter. 

79968— 19— BuU. 102, vol. 
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The two greatest wastes connected with oil-well drilling are caused 
by the harmful infiltration of water from water-bearing strata and 
the uncontrolled escape of natural gas encountered in the course of 
drilling. Water is a formidable enemy to oil extraction ; as the posi- 
tion of the oil depends, in part, upon a nice equilibrium between oil 
and water, the undue influx of water into the drill hole means a 
reduced recovery of oil, if not a total loss of the well ; and not only 
may a single well be completely ruined by inadequate protection 
against water, but what is more grave a whole field of operations 
may thereby be spoiled The damage done in the past by water is 
immeasurable and largely irretrievable, but the danger from water 
may be controlled by means of a method of cementation already em- 
ployed with success in California and Texas, whereby a water-tight 
band of cement is forced into the space between the well casing and 
the water-bearing stratum. 

Many wells in sinking penetrate gas-bearing formations, and in 
such instances it has usuaUy been customary to suspend operations 
while the gas escaped into the air, so that the pressure might be re- 
lieved against which continued drilling was difficult or impossible. 
The actual waste of gas due to this circumstance has been first and 
last enormous, amounting to billions, if not trillions, of cubic feet, 
with a fuel equivalent of millions of tons of coal; indeed, it would 
be safe to say that over half of the natural gas developed to date has 
been made no use of whatever.^ But this physical waste, great as it 
has been, is of small consequence as compared with the waste of the 
energy represented by the gas-pressure, the dissipation of which 
leads to a reduced and more difficult recovery of the oil. The gas, 
therefore, is not only substance but energy, and represents a force 
which must be conserved for the sake of later gaining a proper pe- 
troleum yield. It is rather interesting that the waste of oil and gas 
involved in the premature production of gas mlay be prevented by 
comparatively simple means; namely, by drilling in a medium of 
mud-laden fluid which serves to encrust the critical parts of the 
drill-hole, sealing off the formations so that there is no improper 
escape of gas and preserving the conduit intact down to the produc- 
tive stratum.' 

After the oil is struck, there are many methods for controlling the 
output so as to avoid the waste incidental to much of the current 
practice. The flow may be controlled by rather elaborate mechanical 

^See R. S. Blatchley, Waste of Oil and Qas In the Mid-Contlnent Fields: Technical 
Paper 46. Barean of Mines, 1018. 

J. O. Lewis and W. F. McHurray, The Use of Mad-Laden Flnld In Oil and Oas Wells: 
Bulletin 184, Barean of Mines, 1916. 

*Thls process is described in detail in Bulletin 184, Bureau of Mines, 1918. There 
are numerous details of drilling practice which are subject to improYement, but these 
need not be gone into here. 
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devices, preventing an overproduction;^ gushers ^^gone wild" may 
be capped and brought under subjugation; ^^ blow-outs" may be 
guarded against and prevented ; and losses due to fire, seepage, and 
evaporation largely nullified through adequate development of stor- 
age facilities. All these gains will accrue more fully through wide- 
spread application of well-known engineering technique already 
successfully practiced in many instances. 

The gas that almost invariably comes forth along with the oil cus- 
tomarily carries some of the lighter components of the oil itself. 
These ccAnponents are recoverable by means of appropriate methods 
in the form of a very volatile gasoline, which can be blended with a 
heavier petroleum distillate to form commercial gasoline. Until a 
few years ago, the recovery of the gasoline suspended in natural gas 
was neglected, but now a very significant yield of this so-called ^ cas- 
ing-head " gasoline is obtained.* The natural gas is made to yield up 
its gasoline either through compression, which squeezes out the liquid 
content, or by absorption, which entices It out by means of a certain 
type of oil which later is heated and thus forced to yield up in turn 
the gasoline absorbed.* Even with full gasoline extraction, however, 
there remains in many fields much more gas than can be consmned 
by legitimate demand, which necessitates a waste of the surplus, un- 
less it can be cheaply transported to points where demand exists.^ 
In this connection possibilities open up in connection with processes 
of liquefaction, by means of which the gas may be compressed into 
reasonable bounds for transportation.* 

Due chiefly to the decline of pressure upon the escape of natural 
gas, wells quickly mature and then produce at a declining rate ; but 
recent investigations go to show that even when a well is apparently 
exhausted, its full quota of oil has by no means been exacted. On the 
contrary, as demonstrated by established practice in Ohio and else- 
where, an additional yield may be forced by means of compressed air 
or its antithesis, a vacuum. The more promising of the two methods 
consists in forcing compressed air down to the porous oiL-bearing 
formation, thus driving the oil to positions reached by pumping wells* 
The full possibilities of these methods may not be safely forecast, but 
they are certainly capable, if widely applied, of increasing by a large 

^ThnSy for example, the flow from Mexican oil wella la at prewnt held down to the 
transportation capacltlea ayallable for export, ayoldlng a tremendous local overprodac- 
tlon. 

'Production of gasoline from natural gas has grown from 7,000,000 gallons tn 1911 
to 104,000,000 gaUons In 1016. 

* The absorption method is especially adapted to '* dry *' gas lean in gasoline vapor. 

* When the natural pressure Is InsufDcient or distances too great, the normal trans- 
portation through pipes Is unprofitable. 

■See I. C Allen and O. A. Burrell, LiQuefled products from natural gas: Technical 
Paper 10, Bureau of Mines, 1012. 
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percentage the future yield of the country over the estimates made 
under current practice.* 

It would seem, then, that the wastes in connection with oil pro- 
duction, which are exceedingly heavy, are more due to inadequate 
utilization of technical knowledge than to lack of means for effecting 
the economy. To gain a greater return from the resource, then, is 
more a matter of shaping a proper economic situation in respect to 
its exploitation than it is a matter of technological research. 

Oreater extraction of values. — ^We have seen that the oil in sight 
in the United States can not be reasonably expected tc^ undergo 
significant enlargement through new discoveries of oil-bearing terri- 
tory. The main hope of prolonging the life of the resource, there- 
fore, lies in the two-fold direction of applying improved production 
technique, as already noted, which will, let us say, double the resource, 
and of gaining a fuller measure of value from the oil extracted, 
which is capable of multiplying the resource again by another factor 
no less great. Improvements in value extraction from the petroleum 
output will come through the extension and further improvement 
of '' cracking " methods of distillation ; through improvements in the 
design and efficiency of the internal-combustion engine ; through the 
widening use of the Diesel type of engine, thus gradually deflecting 
fuel oil from its illegitimate role of a steam-raising understudy to 
coal; and through a carefully planned program for building up a 
great oil by-products industry to give multiplications of value to the 
portion of oil left after the energy, light, and lubricating values are 
extracted. 

The ^^ cracking " method of petroleum distillation has already been 
adverted to as representing the most promising means in sight 
whereby the growing demand for gasoline can be met from a slow- 
ing production of crude petroleum. The principle, therefore, is of 
the utmost importance, since it can be made to shove into the future 
the most threatening limitation to the growth of the automotive 
activity. Many " cracking " processes have been developed, all giving 
the same result, namely, a larger yield of gasoline at the expense of 
heavier components; but two of them stand out with especial 
prominence. These are the Burton process, for many years in suc- 
cessful practice in the refineries of the Standard group; and the 
Eittman process, recently developed bj the Bureau of Mines and 
now also established on a commercial basis.* There is no need here 
to go into the technical differences between these processes ; the prin- 

^For example, the petroleum reserve Is 7,000,000,000 barrels, with a valuation on 
the basis of 1916 prices of $4,500,000,000. For each 1 per cent gain In extraction 
there will accme to the reserve 70,000,000 barrels, worth |46,000,000. Expressed in 
another way, a 60 per cent gain in extraction efficiency will yield the equivalent of the 
total oil production to date in this country. 

>8ee Bittman, Dutton, and Dean, Manufacture of gasoline and benzine-toluene from 
petroleum and other hydrocarbons: Bulletin 114, Bureau of Mines, 1016. See also 
Yearbook of the Bureau of Mines, 1916, Washington, 1917, pp. 181-188. 
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ciple is the matter to which emphasis is called. ^^ Cracking " is the 
leading potentiality in petroleum refining, no less so because it per- 
mits the production of the other main products according to demand, 
without sacrifice of by-product possibilities.^ The importance of the 
whole matter may be evalued by having regard to the fact that at 
present, even with "^ cracking " well launched into practice, less than 
one-half of the petroleum produced is manufactured into products 
representing an ideal apportionment^ of the raw material into its 
components.' The production of gasoline may be doubled eventually 
or even more greatly multiplied without increasing the production of 
crude petroleum.^ 

The internal-combustion engine of the type currently in use in the 
United States has been the subject of greater refinements in special 
qualities — ^luxury qualities — ^than in respect to efficiency. That is 
evidenced in the widely varying gasoline consumption on the part 
of the familiar brands of automobile motors, which show a range 
from 20 miles and more to the gallon down to a yield of only 6 or 8 
miles in the case of high-price cars. While the sacrifice of efficiency 
in favor of special qualities is, perhaps, legitimate to a certain degree, 
it would appear that the desire for invidious distinction has led to 
an undue focus of attention away from utility. With the rigors 
bom of resource limitation — a certain eventuality — and upon the 
passing of the automobile more fully from the realm of a luxury into 
that of a necessity, a greater and more universal reach toward motor 
efficiency may confidently be counted on. But improvements in mo- 
tor design will not lie along the single line of gaining more energy 
from gasoline ; the effective use of heavier petroleum distillates, such 
as kerosene' and fuel oil, and of other liquid fuels, such as alcohol, 
benzol, and tar oil, will be planned for and the broad trend of motor 
development will shape toward the character of the resource in its 

^It shoald be cleftriy held In mind tbat "cracUng/* with ite attendant by-product 
poMdbllltlea, la a matter in constant conne of development. The Bureau of Mines is 
actiTely engaged In furthering research and experimentation along those Unes, though 
progress is hampered by inadequate financial resources. 

*An ideal apportionment can not be attained so long as there is an overproduction of 
erode petroleum in respect to the demand for gasoline and other motor fuel, kerosene^ 
and lubricating oil, and there remains an economic demand for such an overproduction. 
Hence the extent to which " cracking " may be applied is, of course, limited by economic 

factors. 

• '* We are to-day using efficiently — ^that is, for gasoline and lubricating purposes — not 
more than 80 per cent of our oUs. The other 70 per cent is used in competition with 
coal or exported for foreign countries and is generally sold for less than cost of pro- 
duction." Yearbook of the Bureau of Mines, 1016, Washington, 1017, p. 133. 

• ** Cracking " brings in the asphaltic oils as effective producers of gasoline, a fact of 
no wma\\ economic significance. 

• '* Perhaps no phase of the fuel situation has so interested automotive engineers as the 
use of kerosene in place of gasoline. Present market conditions are such that kerosene 
is one of the cheaper petroleum products, and as it lias already been demonstrated to 
work satisfactorily in internal-combustion engines under certain conditions, there has 
been a great desire to render it available for general use in automobiles. The Bureau 
of Mines has had called to its attention many devices for the utilisation of kerosene, 
but believes that mechanical development in this particular Une is a mistake. The 
logical and reasonable way to utilixe kerosene is not as such, but as a mixture with 
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^itirety — ^a bent as yet only dawningly perceptible. Whether radical 
changes in motor principle are in prospect is a question that need not 
affect the present argument 

In point of bulk nearly three*f ourths ^ of the petroleum consumed 
in the United States goes into the production of power. Of this 
amount, one-quarter ^ is employed in the form of gasoline as a motor 
fuel,' while three-quarters,^ in the form of crude petroleiun and fad 
oil, is used as a convenient substitute for coal chiefly in firing steam 
boilers.* While the effidency of the internal-combustion engine is 
much greater than the steam engine, now commonly referred to as 
^^ wasteful '' in comparison with more modem types of power genera- 
tion, the use of the superior principle has thus far been confined in 
this country almost exclusively to an explosion motor using gaso- 
line — ^the ordinary automobile engine familiar to all. The fact has 
generally been ignored in this country that a type of engine, com- 
parable in efficiency to the gasoline motor, but making use of heavy 
oils (as fuel oil and even crude petroleum) and suitable for power 
generation on a large as well as a small scale, has for many years 
been in successful use abroad. This is the so-called Diesel type of 
engine, which has its conception as far back as 1898 and ^ has proved 
to be, from a thermal standpoint, the most economical heat engine so 
far devised, and the one tiiat most nearly approaches theoretical 
maximum efficiency." ^ 

This high-compression oil engine, as it may be termed, gains its en- 
ergy from the expansion that results when oil is sprayed into a cyl- 
inder filled with compressed air and ignites under the influence of the 
heat, of compression. The relative efficiency of this type of engine 
may be shown in the accompanying tabular comparison : 

The efflciency of the Diesel type of engine.^ 

Efficiency. 

Diesel type of oil engine 4 

Oil-fired steam engine (triple expansion type) 1.6 

Ck>al-flred steam engine • 1 

tbe gasoline produced with It In the refining of cmde oil. In other wordi, attention 
■honld not be given to the ntlUiatlon of keroeene, bat to the utllliatlon of petroleom 
distillates containing both the gasoline and kerosene fractions of crude oil." — B. W. Dean« 
Fuel for antomotive apparatus. Journal of the Society of Aotomotlve Engineers, January, 
1918, p. 58. 

* Rough approximation. 

> It has been estimated for the United States that the horsepower of gasoline internal- 
combustion engines is over twice that of all engines driren by steam. While the latter 
are more continuously used, the importance of the gasoline engine in power generating 
is strikingly great 

*The relatively small quantity of kerosene used in power generation need nq^ enter 
the present consideration. A small portion of fuel oil is used for gas making and for 
other purposes than steam raising, but for most of this work coal is likewise effective. 

« O. P. Hood In Technical Paper 87, Bureau of Mines. 1918, p. 8. 

* Figures generalised from data presented In Technical Paper 87, Bureau of Iflnee^ 
1918, pp. 12-10. 

* For marine ^se the advantages of the Diesel engine over tbe coal-fired steam engine 
Includes the factors of speedier bunkering, greater fuel storage, etc. 
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The Diesel type of engine, therefore, offers the means for greatly 
increasing the power-generating capadfy of the petroleum yet to 
be produced in the United States, in itself alone having the ability to 
double the energy extraction from the 7 billion barrels of petro- 
leum still under ground. But the true dgniflcance of the prospect 
does not appear from the general consideration. In connection vith 
marine service has this principle its richest promise ; the advantages 
of oil over coal for ocean shipping are well known and obvious. If 
America plans, as she must, on a great expansion in foreign trade and 
the building up of a substantial merchant marine, she woidd ignore 
her most potent point of superiority if she neglected the bearing of 
the Diesel engine on this matter. 

It may be a source of surprise to some that the Diesel engine has 
been so largely neglected in this country. In this respect, a quota- 
tion from a report of the United States Bureau of Mines may be of 
interest: 

Diesel developed his engine in the early nineties, and has since then greatly 
improved it and has made of it a most saccesfol and efficient power producer. 
At present it is thoroughly dependable and will bum a grjMit variety of 
oils * * *. Although the prime requisite in Europe seems to be economy 
in operation, low first cost seems to be a more important requirement in this 
country, and at first comparison with the steam engine the Diesel seems to be 
exceedingly costly. Small imperfections in mechanical construction, up to 
within a very recent date, seem also to have had their influence upon the non* 
construction of the engine in the United States. Also, although the general 
industrial profits within the United States are large, the very abundance of 
raw materials and the general extravagance in their use seem to have combined 
against the wide adoption of this engine, in spite of its being so highly efficient, 
and in spite of the fact that it has met with such success abroad. * * • The 
generally wasteful methods of steam raising in this country must give way 
to the more efficient methods of fuel utilization that now prevail in BSurope, if 
the United States is to maintain its present position or compete with other 
countries in the manufacturing industries. With a more conservative use of 
the Nation's abundant fuel supplies and a better development of the by-product 
industries, there is no reason why the heavy-oil engine should not materially aid 
in the more efficient utilization of the fuel resources of the United States-^ 

The use of gas oil, a high-grade fuel oil, in the manufacture of city 
gas represents a practice largely unjustifiable on the basis of resource 
economy. In 1916, the amount used for this purpose was about 16,- 
000,000 barrels,' or roughly 6 per cent of the domestic petroleum pro- 
duction. With the exception of about one-fifth of the amount, which 
was employed for making oil gas in the Southwest, where coal is 
lacking, the bulk of the gas oil was used for carbureting or enriching 
the luminosity and calorific power of the various types of city gas 

^I. C. Allen, Heayy oU ai fuel for internal-combiifttioii engines: Technical Paper 87, 
Barean of Minee, 1918, pp. 9-10. 

'See C. B. Leaher, Artificial gas and by-products: Mineral Resources of the United 
States for 1916, United States Geological Sarvey, p. 1061. 
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made from coal, in order to enable the product to meet standards im- 
posed by municipalities — standards in part a hold over from the days 
when the flat-flame use of gas made luminosity a necessary feature. 
While, broadly speaking, the use of oil in gas manufacturing is a 
degradation, the practice is not only economically justifiable but actu- 
ally desirable so long as the main outlet for fuel oil is for firing steam 
boilers, a use still more degraded with the added disadvantage of 
offering a smaller inducement for refining.^ 

In addition to the extension of ^ cracking " distillation, improve- 
ments in motor design, and widespread use of the Diesel type of motor 
to replace the oil-fired steam engine,* an unlimited field of advance in 
increased value extraction opens up in connection with the building 
up of an oil by-products industry. But this matter has been em- 
phasi:^ in the preceding pages and need not be detailed again at 
this point. The greatness of the opportunity, however, should not 
be underestimated. 

Development of foreign sources of supply. — ^In addition to the 
domestic production of petroleum, this country since 1911 has been 
drawing upon the oil fields of Mexico at an increasing rate, so that 
in 1917 that country supplied roughly one-tenth of our needs. The 
pools of Mexico, accessibly situated in the Gulf Coastal Plain, are 
the richest in the world and are capable of a much greater annual 
production than has yet been taken from them. In fact, the output, 
mainly under the control of British and American interests, is 
held in check, especially at the present time. In the Central Ameri- 
can region in general, there are other promising oil districts, though 
none is developed in any way comparable to the Mexican deposits. 
It is not unreasonable to expect that further exploration and develop- 
ment will make available a reserve of oil in Mexico and Central 
America equal to the total remaining in the United States.* 

These deposits, accordingly, offer themselves in increasing meas- 
ure to supplement a waning domestic output. Their aid should be 
accepted, but their availability is incidental upon many uncertain 
factors, and obviously it would be unwise to grow into dependence 
upon them or permit their presence to offset action regarding the 
efficient utilization of our own resource. At best, these deposits and 

i An Interesting war-time deTelopment In connection with gas oil has been the installa- 
tion of tolnol-recoyery plants in largie mnnidiml gas plants for the recovery of toluol 
formed from the oil in the course of gas mannfacture, thus adding to the supply of 
toluol contributed by the by-product coke oTen. It is a striking coincidence that both 
coal and petroleum furnish the basis fbr the mannfacture of one of the most elfectiye 
explosiyes known. 

*CoaI and hydroelectridty should also assist in replacing the oil-flred steam engine. 

'Little in the way of petroleum imports may be expected from other parts of the 
world ; South American needs will probably more than absorb the future output of that 
continent. 
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The Successor to Petroleum. Cliffs of Oil Shale near Grand Valley, Colorado- 

PbatDgrapb bfcaurCMjol Dcdtn^ RIo Grande ItaJIrout. 
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especially those in Mexico, if fully available and barring inter- 
national complications, would put off the period of petroleum ex- 
haustion in the United States for only a matter of say a couple of 
decades; hence their presence does not change the urgency of the 
domestic issue. Moreover, the high-use employment of these de- 
posits — ^the output is now used dominantly for fuel purposes — 
would be to the best interest of Great Britain, the United States, 
and other countries using the output, not to mention the advantage 
accruing to the producing Bepublics themselves. Indeed, it would 
seem, so far as such things may be determined from the outside, 
that Mexico would take the lead among the Republics concerned in 
developing a policy in regard to petroleum development that would 
prevent production from exceeding the demand for the high-use 
products, as this legitimate drain may be expected largely to erfiaust 
the supplies within a generation or two. 

On the whole, it would appear to be for the good of all oon-« 
cemed that the Mexican deposits should not be more wastefuUy ex- 
ploited than those of the United States, for the world needs the 
full service of the aggregate supply. 

DBYSLOPKBITT OF OIL 8HALIS. 

Granted the utmost in the development and use of the remaining 
supply of petroleum, economic pressure from oil shortage will still 
be not far distant. Attention turns, therefore, to sources of supply 
other than the porous rocks of oil fields thus far exclusively exploited 
in this country. It is of great significance, therefore, that within the 
past five years geological explorations on the part of the United 
States Geological Survey have definitely established the existence of 
vast areas of black shale in Utah, Colorado, and Wyoming, much of 
it capable of yielding upon distillation^ around 50 gallons of oil, 
8,000 cubic feet of gas, and 17 pounds of ammonium sulphate * — the 
whole constituting an oil reserve aggregating many times the original 
supply of petroleum. • 

^ OU shale Is not snppofeed to contain petroleum, hot upon tbe application of heat, it 
is thoQ^t, organic compounds present react to form an oU resembling petroleum from 
which can be obtained essentially the same products that petroleum itself yields. Bat 
this matter needs farther investigation, as it is by no means certain that some oU 
shales, at least, do not actually contain petroleum as such. In either event, however, 
shale oU Is practically the equivalent of petroleum. 

* The occurrence and distribution of these shales, together with the results of distilla- 
tion tests, are given by Dean B. Winchester, Oil Shale in Northwestern Colorado and 
Adjacent Areas: Bulletin 641-F, United States Geological Survey, 1917, pp. 152-155. 
Yields up to 90 gallons of oil, 4,294 cubic feet of gas, and 84 pounds of ammonium 
sulphate were obtained from certain samples. The figures cited in the 'text, however, 
represent commercial averages typical of workable areas. 

*It is estimated that the oil shales of Colorado alone underlie 1,400 square miles, 
with an average aggregate thickness of 58 feet, and are capable of yielding 20,000.000.000 
barrels of oU, an amount approximately twice as great as the original petroleum reserve 
in this country, together with 800,000,000 tons of ammonium sulphate, valuable as a 
fertiliser, nearly 900 times the domestic consumption of that substance in 1915. The 
important rOle of ammonium sulphate in modem affairs is shown on the chart accom- 
panying Bulletin 102, Part 2, of this series. 
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While these shales have only recently come into notice a similar 
resource has for many years been profitably exploited in Scotland, 
New South Wales, and France, where nature has been less bountiful 
with petroleum; while in Germany the extraction of oil from low- 
grade coal and other bituminous materials has become a well estab- 
lished undertaking.^ The financial success and national importance 
of the Scottish shale-oil industry is particularly significant, as this 
activity offers an established technology and a basis of experience 
for application to the domestic oil-shale matter.' A comparison of 
the domestic prospects with the foreign practice, in the way of yields 
and values, may not be out of place. 



(General oomfMiri«of» betweei^ oU ihtUe of Sootland and of Colorado-Utah,* 



ATen«e yield from 1 ton oil diale. 



on galtona. 

Ammonium lolpbftte. pounds. 

Oas ouDicfeet. 

Shale residuo pounds. 



Oott of production. 
Value of products. 



Profit, per ton of shale . 



Scot- 
land. 



94 

M 
3,000 



1010 

ta.oo 

2:80 



.80 



Cokirado- 
Utah. 



60 
17-35 
t,000 



1018 

S2.50-IS.50CT) 

8.35-8.75(7) 



.75- .35(7) 



Use. 



Sul>stitnte for petroleum. 

Fertiliser; nitrogen products. 

Fuel. 

Brlokmakfaifn road making; 
possibly for exMstion of 
potash. Undeveloped pes- 
sIbtUties. -^f^ 



• Data generallted from various sonross, fnehidlng Bulletin 041-F, United States Oeological Survey; 1917; 
Bacon and Hamor, The American Petroleum Industry, lOlO; Hearings on oil shalee h^fon the fiouse 
Committee on the Public Lands Feb. 36, 1018; personal communications from David T. Day and Ros- 
sell D. George. The figures for Colorado-Utah are provisional rather than final, but are beueved to be 
conservative. 

It is apparent from this table and from the general situation in 
respect to petroleum that domestic oil shale may soon come into com- 
mercial importance as a producing source of oil.* Just when will 
depend upon the trend of the economic situation as affecting the pro- 
duction of petroleum. 

As a matter of fact, considerable commercial activity has already 
commenced looking toward the exploitation of the richer Shale areas, 
especially in the Grand River Valley region of Colorado and near by 

^The shale oil of Scotland has been of great service to the English Navy in the 
present war by supplying many oil-bearing ships with fuel, to the relief of trans- 
Atlantic shipments ; while the German oil has proved invaluable to that country in sup- 
plementing an inadequate command of petroleum resourcea. 

*A good description of the Scottish shale^ll Industry, with many references to the 
literature, may be found in Bacon and Hamor, The American petroleum industry, 1910, 
pp. 807-844. 

• "These shale areas will be developed in time on as safe and sane a basis aa our 
coal mines of to-day. When that time arrives, the remains of oil prospecting will have 
fled and the whole complexion of oil producing will change. It will, literally, be oil 
mining with steam shovels In open pits and glory holes; and, later, tunnels and adits. 
There will be no lack of oil products for several generations to come, but the true oil 
fields of to-day will probably disappear within another generation and be replaced by 
oil mines.'* Dorsey Hager, The search for new oil fields In the United States : Engineer 
Ing and Mining Journal, Jan. 6, 1918, pp. 11-12. 
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in Utah. Numerous companies have been incorporated and some 
preliminary plants have started building. The whole matter, how- 
ever, has been retarded by the uncertain status of the land laws, as well 
as by a general feeling of uneasiness as to the attitude of the current 
public-land policy toward any but a meager-scale type of develop- 
ment^ It is evident, however, on the basis of geological occurrence 
and experience abroad that a shale-oil industry can come into effec- 
tive action only as a large-scale engineering procedure, accumulating 
its profit from a narrow margin made significant by the magnitude 
of operations.' The production of oil from shale, involving ordi- 
nary mining operations and a large distillation plant, partakes not 
at all of the nature of small-unit ^ wildcat " drilling by means of 
which the petroleum fields are developed. 

We may pause for a moment, by way of parenthesis, to contemplate 
an eventual prospect of a great oil industry in the Bocky Mountains, 
producing two, if not more, of the four products upon which the food 
supply of the future turns.' And if we recall that northwest of the 
shale areas lie the richest beds of phosphate rock in the world, with 
water power and the acid fumes of great smelters as forces of extrac- 
tion, it may not be altogether unreasonable to foresee a development 
of a food-production industry occupying the great plains that stretch 
eastward from the Bocky Mountains and energized by the applica- 
tion of mechanical tillage and chemical fertilization upon a scale for 
which the past presents no parallel.* Lest such a picture be re- 
garded a» too fanciful, it may be recalled that the United States Geo- 
logical Survey has recently announced the discovery in Montana of 
phosphatic oil shales carrying a phosphoric acid content up to 15 per 
cent, thus combining in a single resource three of the four food essen- 
tials, gasoline, nitrogen, and phosphorus, lacking only potassium ' — 

^ These are direct reasons, but more fondaxnental inhibiting factors are inherent in the 
economic situation as explained on page 00. 

'The Scottish shale-oil industry became successful only after it boiled down to a few 
large, efficient companies. The budding industry in Colorado would have the adrantage, 
if not arbitrarily hampered, of skipping this inefficient stage and at the same time of 
taking over a developed technology shorn of its obsolescent features. It is estimated 
that a plant in Colorado capable of handling 1,000 tons of shale and clay would cost 
between $2,000,000 and $8,000,000, but a unit of this slie would be small as such 
things go. 

■Reference is had, of course, to tractor fuel and nitrogen (ammonium sulphate), the 
other two being potassium and phosphorus. 

^The only element definitely lacking is potassium, and the prospect of that essential 
is more promising in the general western region than elsewhere in the United States. 
In connection with ammonia recoTery in the by-product coke oven, suggestive experi- 
ments have been carried on looking to the absorption of the ammonia by means of 
phosphoric acid instead of by the customary sulphuric acid; the bearing of such a 
process, if successful, upon the shale-oil matter is significant. 

* C. F. Bowen, Phosphatic oil shales near Dell and Dillon, Beaverhead County, Hont : 
Bulletin 661-1, United States Geological Survey, 1018. This work opens up promising 
possibilities in respect to the occurrence of phosphoric acid in some of the oil shales 
elsewhere in the Rocky Mountain region, and suggests also a new field for petroleum 
axploratlon in those places where such shales occur under geological conditions which 
may have given rise to a natural process of distillation. 
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and even potassium is reported to be present in small amount in the 
Colorado shale. 

While the most conspicuous oil-shale areas recorded in this coun- 
try are in Colorado, Utah, and Wyoming, with the most immediate 
interest centering around those of Colorado and Utah, other oil shales 
are found in Nevada,^ California, Montana, Arizona, Oregon and in 
many of the central and eastern States — aggregating an immense area 
and representing a potential source of oil sufficient to supply this 
country hundreds of years.* Of course it is evident that much of 
this shale has a prospective interest merely;* but there are certain 
beds overlying shallow coal seams, which offer themselves as pro- 
ductive possibilities ev«en under present conditions, as the shale is a 
waste product to be removed anyhow in connection with the open- 
cut mining methods coming into vogue for close-to-the-surf ace coal 
seams. Thus, it is not impossible that coal-mining in the central and 
eastern part of the country, within a very few years, may support a 
budding shale-oil production, coming in, along with the output of 
the western shale-oil industry, to offset the decline in petroleum 
yield.* Still other possibilities open up in connection with the pro- 
duction of oil, gas, and by-products from cannel coals ; • the whole 
matter in this wise passing over into the realm of by-product coal 
utilization, whose possibilities have been developed in earlier pages 
of this paper. It becomes apparent, then, that coal and oil 
are not merely rivals, but are brothers in a common purpose — the 
production of energy and chemical products. ' 

The presence in this country of extensive deposits of oil shale re- 
moves the danger of early physical exhaustion in respect to oil, but it 
does not necessarily insure a deferment of the period of economic ex- 
haustion which is being prematurely rushed into the present by the 

^ Bxperlmental plants are. being erected In both California and Nevada. 

*Tbe eastern shale areas are described by George H. Ashley (Oil resources of black 
shales of the eastern United States: Bulletin 641-L, United States Geological Surrey, 
1917), who proYlslonally estimates that southwest Indiana alone Is anderlain by shale 
sufficient to produce 100,000,000,000 barrels of oil, oyer fourteen times the present 
petroleum reserve. 

* Ashley estimates that under present conditions a barrel of crude oU produced from 
eastern shale of average quality will cost about $4.20, little more than such an oil would 
be worth at present, barring by-product possibilities not possessed by its rival, petroleum. 

^Thls whole matter of by-product development is of profound significance to the 
future of the Nation, to a degree, indeed, difficult of appreciation by anyone who has 
not focussed on the germs contained in the prospect. The possibilities of a shale-oU in- 
dustry enmeshed with coal production affords promise to the already overdue arrival 
of a slgnlflcant output of coal-pyrlte, a product wasted in coal production, but needed 
for the manufacture of sulphuric acid. (See J. EL Pogue, Becovery of sulphur In Illinois 
coals: Met and Chem. Eng., November, 1917, pp. 584-585.) That sulphuric add is 
needed both in the recovery of ammonia from oil shale and in the refining of the shale oH 
itself is merely one example of how thoroughly by-product activities dovetaiL 

> See George H. Ashley, Cannel coals of the United States, Bulletin 669, United States 
Geological Survey, 1918. 
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current wasteful use of the limited petroleum resource. For that 
purpose an effective and adequate development of oil shale must start 
somewhat in advance of the wave of need that would normally dic- 
tate the launching of this leaner resource. That wave is already def- 
initely in sight ; the question is merely whether we will wait^ until it 
breaks or now prepare for the force of the impact so as to ease it off. 
It need scarcely be emphasized that any action directed toward the 
tying up of the oil-shale reserves, pending a determination of policy 
regarding their disposition, would be disastrous. The American pub- 
lic is probably sufiSciently aware of the irretrievable harm wrought 
by this course of action in regard to certain other less vital resources, 
under the influence of the wave of so-called conservation that swept 
over the country a decade ago, to coimtenance a repetition of such 
temporizing action. 

DBTBLOPHKirT OF SUB8TITUTB8. 

Even with the most efficient use of the remaining supply of petro- 
leum, and an appropriate development of shale oil in prospect, the 
petroleum situation can be additionally improved by a progressive 
utilization of substitutes for gasoline and fuel oil, so as to give better 
economic balance by relieving the products upon which fall the 
heaviest demands. Two substances, benzol and alcohol, are suitable 
for helping gasoline, and offer the advantage of a record of successful 
use in motor engines in Europe prior to the war, and of a marked ex- 
tension of utilization there under the rigorous conditions of the pres- 
ent conflict, while coal and hydroelectricity maiy be brought to the 
aid of fuel oil.^ 

Benzol is a light liquid, somewhat similar to gasoline in character, 
obtained at present from the by-product coke oven. The production 
of benzol in the United States is at present small, owing to the fact 
that only about a twelfth of the bituminous coal mined is treated 
for the recovery of by-products. The full utilization of benzol there- 
fore must go hand in hand with the development of methods, as out- 
lined on pages 7-28 of this paper, whereby coal will be made to 
yield a complete measure of usefulness ; indeed, the proper utilization 
of coal demands a market for benzol as a motor fuel, while the proper 
shaping of the petroleum resource permits and needs the coming in 
of benzol as an alternate for gasoline. Thus once more appears an 
example of how closely the various elements of the fuel situation are 
connected. 

1 Recent work on castor oil production gives some indication that tbia organic product 
may come to be a algnlflcant source of motor fuel. 
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The total capacity toward benzol production possessed by the coal 
annually produced in the United States is upward of 1,000,000,000 
gallons,^ which in terms of gasoline represents about one-half of our 
annual consumption of the latter. Compared with gasoline, benzol 
yields better efficiency in the internal combustion engine, but presents 
a slight disadvantage in respect to use in cold weather. It may be 
used successfully in the ordinary gasoline motor by admitting a little 
more air than is customary for gasoline, or by mixing with gasoline. 

Alcohol is familiar to everyone and as a ^el offers the advantage 
that it can be made from organic products which reproduce them- 
selves from year to year and include vast quantities of materials that 
ordinarily go to waste.^ Unlike the mineral fuels, therefore, it does 
not constitute a drain upon a reserve fixed in quantity. The differ- 
ence in effectiveness for motor use between alcohol and gasoline is 
slight ; for whereas gasoline yields a trifle more power to the gallon 
and is easier ^^ starting from the cold," alcohol is safer, cleaner, and 
more pleasant as to exhaust odors. The capacity of this country in 
respect to alcohol production can not be closely stated, but if the out- 
put of alcoholic beverages is any criterion,' existing distilleries upon 
conversion could at once produce fuel alcohol to the extent of millions 
of gallons, whereas the substitution of waste products for grain would 
effect a great economy over the cost of denatured alcohol as made at 
present. If, in addition, the perplexing legal difficulties that now 
hedge in such a development could be circumvented, the use of indi- 
vidual manufactories on farms could readily furnish a perpetual 
supply of motor fdel at little cost, where a cheap motor fuel would 
have its most far-reaching social effect by tending to lower the cost 
of food.* 

Artificial gas made from coal offers a convenient substitute for 
gasoline in certain types of stationary internal-combustion engines, 
while the suction producer plant, with its adaptability to the em- 

^ On the basis of a yield of 2 gallons to the ton of coal. 

' Alcohol can be made from starches, sugars, wood waste, sulphite liquors from paper 
manufacture, peat, cornstalks, etc. Its cost in Germany several years ago was as low 
as 25 cents a gallon ; in England, 83 cents a gallon — ^prices comparing favorably with 
the present cost of gasoline in the United States. Rittman estimates on a prewar baalt 
that alcohol would become a commercial fuel in the United States when gasoline exceeded 
86 cents a gallon. (Journ. Ind. and Bng. Chem., May, 1917, pp. 528-680.) 

* It is worthy of note that the consumption of alcoholic beverages and of gasoline 
during 1916 in the United States was approximately equal ; each close to 2,000,000,000 
gallons, equivalent to a per capita consumption of about 20 gallons. 

* Tropical countries will find fuel alcohol very economical because of the practically 
unlimited supply of raw material available for its manufacture and the decided advantages 
of its use over gasoline in very hot climates. The Tropics, with their rank growth of vege- 
tation, offer the most available energy source in sight, after coal, water power, and oil; 
and hence may eventually take on a much greater importance in this respect than they 
new possess in all other respects. Their capacity for producing fuel alcohol and food offer 
an interesting prospect to resource pessimists. The extraction of castor oil from tlie 
castor bean and stalk also presents a promising prospect, as several barrels of oil can be 
obtained per acre and the oil can be made into motor fuel and lubricants. 
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ployment of lignite and other low-grade fuels, offers a wide field of 
usefulness to the partial relief of gasoline, especially in motor boats. 
Artificial gas may even become suitable for automobile use through 
the developm^it of appropriate methods of compression or even 
liquification, so as to enable its storage in small compass. Even 
without such treatment, but under the stress of gasoline shortage, 
artificial gas has met with successful motor use in London during the 
present war; motor busses and other conveyance carrying large 
canvas containers filled with gas having now become commonplace 
objects in England. 

Fuel oil ^ has come into -extensive use in the United States, espe- 
cially in the far West, as a substitute for coal. It is more convenient 
than coal and is therefore adopted by industries wherever its price 
is low enough to permit its use. Its employment in this way can 
not be sustained, in view of the slowing rate of petroleum produc- 
tion and the counter demand that will come in increasing measure from 
the further development of ^ cracking " practice in refining and from 
the wider adoption of the Diesel type of internal combustion engine. 
It will soon be necessary, therefore, in any event, to bring coal and 
hydroelectric power to the aid of a growing number of those activi- 
ties now dependent upon oil fuel; and the whole matter may be 
facilitated, to the benefit of the petroleum resource in particular, by 
constructive action in respect to coal and water-power,' so as to make 
their service in this respect more immediately available. 

THE SOLUTION. 

There are three outstanding features in the petroleum situation of 
unescapable significance. These are: the strictly limited size and 
decreasing availability of the petroleum reserve, the growing im- 
portance of certain of the products made from petroleum, and the 
tremendous waste involved in the current method of bringing petro- 
leum into use.* The first two circumstances, of course, make the 
last important. If there were plenty of petroleum, waste in its use 
would not matter. Or if petroleum were of no. great value, merely a 
luxury, neither waste nor limited quantity would make any great 
difference. Even if the supply were limited, but sufficient say for 
60 years, it might be difficult to summon any interest at this busy 
moment to the issue. But petroleum is a basic necessity, as much so 
as wheat or wool, and its exhaustion is already beginning to be felt 
The matter, then, can not be safely deferred. 

^InclDdlng crude petroleum. 

* See Parts 1 and 8. 

" It woold be flattering to present usage to estimate that the reeonree Is made to yield 
oyer 10 per cent of Its latent Talae, eonsldering tha proportion left nndergronnd, lost In 
extraction, and Inadequately vsed. 
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FUNDAMENTAL CAUSES OF WASTE. 



If the petroleum supply is weakening, it is obviously desirable to 
examine the portion that is wasted. We have previously observed in 
some detail what these wastes are and where they take place — the oil 
left underground when the field is abandoned, the gas permitted to 
escape into the air or into barren formations, the destructive infiltra- 
tion of water into the oil sands, the rapid production with demorali- 
zation of prices if the pool is large, the losses involved in storing the 
oil until it can be transported to market, .the drilling of unnecessary 
wells, the inferior use to which much of the oil is put. These matters, 
of course, are well-known and notorious. But they are manifesta- 
tions merely. We must look deeper for the root causes that give 
rise to these wastes. 

In the production of other raw materials there are no such con- 
spicuous wastes as characterize the production of petroleum.^ There 
would appear to be, then, some fundamental factor peculiar to petro- 
leum and conditioning the wasteful procedure common to its ex- 
ploitation. This factor is not far to seek; it lies in the fact that 
petroleum is a migratory mineral* and moves underground in the 
direction of decreased pressure. This factor, activated by unre- 
stricted competition in production as commonly practiced in the 
United States, is the fundamental cause of the wastes so preponder- 
ant with petroleum. Because petroleum is not fixed in position and 
much of the production, especially in young fields, is won through 
the efforts of small operators occupying small tracts, usually leased, 
there ensues a competitive scramble on the part of each operator to 
reach oil as quickly as possible and produce it as rapidly as possible. 
This means a ruthless sacrifice of all but the easy-to-get values. Even 
if an operator desires to defer production or restrain his output, as a 
rule he can not do so because a rival operator with a neighboring well 
will suck from under his feet the oil which his lack of action relin- 
quishes. So long as the ownership of oil is determined by vertical 
boundaries, arbitrarily dividing a geologic unit or reservoir into 
many portions, just so long will there be hurried production with all 
its train of losses.' (See figs. 12 and 13.) 

^Wlth which is Included natural gas. The wastes in the production of coal are also 
conspicuous, but less than in the case of petroleum. It is a striking fact that the great- 
est wastefulness charapterises the exploitation of the energy resources. 

■Natural gas and water also display this property; and in both there is waste. In 
the case of water, howerer, the waste is of slight consequence, since the supply Is vn- 
Umited. 

* Max W. Ball presents the matter Tery eflTectiTely in the following quotation (Adequate 
acreage and oil conserration, Proc. Amer. Min. Congr. November, 1916, pp. 822-388) : 

" There is the root of the whole trouble — the small holding. Let us go back oyer the 
history of the iield. 

"We saw that as soon as the field was dlscoTered it was leased up in small tracts^ 
Then we saw the Smiths, the Browns, the Joneses, and the Standard OU drilling for 
dear life, each trying to get the oU from under his little tract and a bit of the othw 
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The headlong production of oil is greatly facilitated by further 
circumstances. The gambling character of wildcat drilling in itself 
leads to the desire for quick returns, with little regard to the nice- 
ties of engineering efficiency. Then, the automatic character of 
production, once the oil is reached, attaches small cost to the actual 
production — ^not infrequently, in fact, it costs more to retard the 
output than to produce at maximum speed. Thus an incentive is 
lacking for exercising care with a product gained easily and oft- 
times lavishly. There is, also, practicaUy an unlimited demand for 
cheap petrpleum for inferior uses, affording a convenient outlet for 
hasty production and tending to support the grossest overproduc- 
tion with at least a modicum of profit. 

Accordingly, because the cost of production is slight, wastes in 
production are of little consequence to the producer; while, due to 
the competitive race for extraction, production is unrestrained. 
Thus oil is produced with no adjustment to the legitimate (that is, 
high use) demand, which gives a surplus of cheap oil that takes 
advantage of and encourages the ever-present latent demand for oil 
fuel. Indeed, certain oil companies, usually small or newcomers in 
the oil business, find their only opportunity in the direction of en- 
couraging the use of oil fuel; hence there is a strong pressure of 
advertising propaganda in this direction.^ 

This may appear to be an exaggerated account of petroleum produc- 
tion.^ But such are the motives and conditions that prompt the pro- 
duction of the major part of the output of the United States and 

fellow's before the other fellow could get it. Why? Becaase each tract was so small 
It could be drained by wells on the snrroonding tracts. 

** We saw that the race was so keen that wells were improperly drilled, that gas was 
aUowed to waste into the air or dissipate itself through barren formations, that water 
was allowed to enter the oU sands, and that great quantities of oil were left under- 
ground, never to be recovered. Why? Because the small holding forced each man to 
race with his neighbor. 

'* We saw the entire flush production of the field thrown on the market at once, de- 
moralizing market prices, forcing the premature abandonment of wells in other fields, 
resulting in the burning of unrefined crude and the waste of the more valuable products. 
We saw the maximum production of the field go into storage, where the losses from 
evaporation and fire were enormous, and where the cost of the oil was nearly doubled 
What caused these things? The fact that every holder of a small lease must drill it up 
as soon as possible. - 

*' Lastly, we saw the cost of production more than 800 per cent what it should have 
been. And what was the reason? That every man must driU bis lines as fast as might 
be. and must completely drill up his land at the earliest moment. Why? Because the 
oil under his small holding could be taken from him by wells on surrounding tracts. 

** Ignorance there may be, carelessness there undoubtedly is, but back of Ignorance, 
of carelessness, of reckless, headlong methods, is the real cause — the fact that the 
average holding is so small that speed is the owner's sole protection. Let him be care- 
ful if he can ; let him be economical if be can find a way ; but careful or careless, reck- 
less or conservative, he must be speedy if he would survive. The small holding Is his 
master.*' 

iThe fact that certain oils contain naturally a relatively small proportion of the 
higher-use products, such as gasoline, is beside the point. If the Appalachian field had 
yielded such an oil, methods of refining would have turned It into the higber channels 
of use. See the discussion on "cracking" distillation, page 18. 

' Possibly because the picture is painted in terms of homely, everyday experience ; but 
the issue is too important to be trusted to the cold atmosphere of technical expression. 

79968'— 19— BuU. 102, vol. 1 7 
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hence dominate the situation. With increasing scope of organization 
in production, of course, these conditions tend to modify. With 
broadly integrated operations, production may escape entirely the 
influence of the factors noted. But, by and large, the situation in 
the United States is this : it costs a good deal to reach oil,^ but little 
or nothing to produce it. When reached, the oil must be produced as 
rapidly as possible, else some one else will get it. There is an unlimited 
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FlO. 12. DiAOBAM SHOWING THB BBI«A.TION OF OIL WBLL8 TO PROPBRTT LINES IN A 

TYPICAL PORTION OF TBI MOST PRODDCTITK LIGHT-OIL FIELD IN THB WORLD. NOTB THB 
SMALL HOLDINGS, BXCBSSITB NUMBBR OF WELLS, AND THB TENDENCY OF WELLS TO 
OCCUR IN PAIRS ON THE OPPOSITE SIDES OF PROPERTY LINES. THIS DIAGRAM EPITOMIZES 
THE FUNDAMENTAL CAUSE OF PETROLEUM WASTE IN THE UNITED STATES. DATA FROM 

MAP BY Carl H. Beal, Geologic Structure in the Gushing Oil and Gas Fibu>» 
Oklahoma, Bullbtin 668, U. 8. Geological Suryby, 1917, plate 4. 

demand for the crude product, with profit in such sale. In brief, the 
free operation of the law of supply and demand under continuation 
of small-unit competition in oil production is forcing the sacrifice 
of the greater part of our most essential and most limited resource. 

If so much be granted — and whatever the difference of opinion as 
to cause, the limited size and wasteful exploitation of the resource 

^ Much of this cost, under present conditions, is borne by unsuccessful prospectors. 
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are incontestable — ^the question arises as to what may be done with 
the situation. Four lines of action, in the way of national policy, 
present themselves for consideration. 



THB LAX88BZ-VAIRB POLICY. 



Industrial development in this country has been intrusted to the 
automatic control exerted by natural law — ^the law of supply and 
demand — working under free competition. Such interference with 
the natural course of industrial development as national policy has 
dictated has been in the direction of maintaining conditions of free 
competition against an integrative or monopolistic tendency. This 
policy of leaving industrial growth to the stimulus and retardation 
of attendant circumstances may be termed a policy of noninterference 
or laissez-faire. Such a policy apparently developed on the assump- 
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Fig. 13. — Diagram showing thb typical undbboeouno occdbbbncb of oil« gas, and 
watbb, and thb cdstohabt discordant bblati0n8 bbtwbbn pbopbbtt linbs and 

GBOLOOIC OCCUBRBNCB. THB MIGRATORT CHARACTER OF OIL RBNDBBS THIS TTPB OF 

dbyblopmbnt unsound as leading to a racing and wasteful bxtraction of thb oil. 
This diagram expresses the underground relations of the surface conditions 

DEPICTED BY FIGURE 12. DATA FBOM CaBL H. BBAL, GEOLOGIC StBUCTUBB IN THB CUSH- 

ING Oil and Oas Field, Oklahoma, Bulletin 658, U. S. Geological Subvbt, 1917, 

FIGUBB 3 AND PLATE 4. 

tion that all industrial activities react alike and favorably to this 
treatment. If, however, at any later time it becomes clearly apparent 
that in a given field matters are working out disadvantageously under 
a sweeping-rule policy, it is a fit subject for inquiry whether a point 
of departure is not there afforded and justified in respect to a change 
in plan, so as to bring the activity into a more profitable and con- 
genial atmosphere. It would appear that, so far as petroleum is 
concerned, a continuation of the policy of laissez-faire will perpetu- 
ate the circumstances which are forcing a premature exhaustion of 
a limited and vital resource. 
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The policy of laissez-faire is so firmly established and so apparently 
effective ini the general run of industrial growth that many hesitate 
to abandon it in specific instances, however urgent the need in point. 
But at least the consequences of allegiance in such instances should 
be visualized. In the case of petroleum, under continued laissez-faire, 
we may expect to be confronted, some 15 or 20 years hence, with the 
discomforting realization that our domestic resource has been im- 
poverished, a dependence upon a foreign country has developed, and 
the opportunity for betterment has passed — ^wasted. This is a simple 
matter of arithmetic, not an adventure in prophecy.^ 

THE ADTIBOBT POLICY. 

In an earlier part of this paper, the recent developments in petro- 
leum technology have been reviewed in a broad way, and it appeared 
that considerably more technological knowledge has been accumulat- 
ing than has found a way into action. Much of this technical ad- 
vance has been affected by researches and investigations in petroleum 
technology on the part of governmental bureaus, notably the Bureau 
of Mines * and the Geological Survey,' and in this way the Govern- 
ment has assumed an advisory capacity in respect to the development 
of the petroleum resource. Creditable progress in increasing resource 
efficiency has thus been attained — a heavy return, indeed, upon the 
small investment made in this direction. 

Such work, advisory to industry, is of great importance and should 
be encouraged by adequate support.* But with petroleum, at least, 
technological advice and information alone are impotent to ^et at the 

^ Writes M. L. Reqaa, in speaking of the wasteful use of coal and oil : 

*' Our very prosperity makes us careless of the future ; we feast and revel while the 
handwriting blazes on the wall in letters of fire, and we do not pay it even the cold 
compliment of a passing glance. As a Nation, we are wasteful, apathetic, and forgetful. 
We waste our natural resources with shameful prodigality; we are apathetic of the 
future, and we forget that our reserves of natural wealth are by no means inexhaustible. 
• • • We vaguely rcalixe, if we condescend to think about it at all, that when such 
a time shall have arrived, in some distant generation, that centers of manufacturing 
must change and things generally undergo a radical realignment. And then we remember 
that the problem is, after all, one for distant posterity, and that posterity should shift 
for itself and we drowsily mutter ' lalsaes-faire ' and forget the future In our supreme 
self-satisfaction in the present. • • • Those of us who believe that posterity most 
settle these problems of heat, light, and power are living in a fool's paradise, and must 
Inevitably awaken within the next few years to face, subdued and chastened, the real 
truth." (E}xhaustlon of the petroleum resources of the United States, Senate Document 
No. 868, 64th Congreas, let session, 1916.) The speed with which this prediction has 
come true has perhaps amased even Its sponsor. 

>The United States Bureau of Mines was not established until 1910, but since that 
time its Petroleum Division has notably advanced the field of petroleum technology, as 
may be readily gathered from a survey of the publications of this bureau. 

•The United States C^loglcal Survey has for several decades been engaged in the 
geological study of the oil fields of the country and publishes an annual statistical record 
of the domestic output of petroleum. The mapping of the underground structures, as 
embodied in numerous bulletins, has furnished a wealth of information of Immediate 
practical value in connection with the development of new territory and the location of 
successful wells ; while the Inventory of the petroleum reserve made by the Survey repre- 
sents an invaluable contrlhation to resource knowledge. 

* The United States only devotes some three or four million dollars a year to Inveati- 

ratlonal work bearing on the mineral industries in their entirely — a strikingly low 
figure, considering the magnitude of the field. 



PETROLEUM. 89 

roots of the trouble. So long as economic conditions encourage waste 
in petroleum exploitation, no amount of technical and scientific 
knowledge will more than scratch the surface of the matter. The 
advisory policy, therefore, is an incomplete policy — good so far as 
it goes, but it doesn't go far enough.^ 

TBM AUTOCBATIC POLICY. 

Secretary of the Interior Lane, in his annual report for 1915, says 
in regard to petroleum : "An absolute government would prohibit a 
barrel of it being used for fuel before every drop of kerosene, gasor 
line, and other invaluable constituents have been taken from it."* 
An autocratic government by fiat could probably eliminate waste 
from petroleum exploitation by enforcing arbitrary laws to this end. 
But we do not have an autocratic government and, moreover, the 
type is in the course of passing into universal discredit. But even 
democratic governments sometimes deal with such problems in a 
harsh or rather arbitrary manner ; in point of fact, it is a somewhat 
widespread feeling that wastes and economic maladjustments can be 
legislated out of existence by wisely drawn laws, even in a republic. 
Fiat methods, however, apart from being inconsistent with our pro- 
fessed principles of government so as not to merit wide approval, 
may also be seen, both in the light of past experience and of common 
sense, to offer a prospect only of harm. Thus, to give extreme sup- 
positions, a law demanding increased recovery from wells would re- 
sut in a lowered production, with an industrial mix-up; a require- 
ment that oil be no longer used for steam-raising would cause the 
Southwest to starve to death ; a call for eflScient drilling would throw 
chaos into oil production. The legitimate and illegitimate strands 
have become so closely interwoven that it is now impossible to im- 
prove the pattern by plucking out the economically inartistic threads. 

THB CONSTBUCnVB ■CONOMXG POLICY. 

This country has applied the laissez-faire and advisory " policies 
to petroleum without adequate betterment of the situation so far as 
wastes are concerned. It has even tried certain forms of legalistic 
or dictatorial force in the way of interjecting competition into phases 
of the matter already integrated * or by nature noncompetitive,' but 

1 An advisory policy \B really a part of a constmctlye economic policy. 

'An absolute goyemment, indeed, woold presumably go further and require the fuel 
residuum to be used in the Diesel type of internal-combustion engine instead of under 
steam boilers. 

*No intent to belittle the adyisory policy is in mind, but that policy is limited in the 
good it can accomplish by circumstances over which it, per se, has no controL 

*The operation of the Sherman antitrust laws in disintegrating the Standard Oil 
Co. into a number of subsidiary comjAnies is an example. 

•Illustrated in the case of the Walsh bill (S. 2812, 1918), opening public oil lands 
to deyelopment in 160-acre tracts. The United States, through the Geological Suryey, 
has spent millions of dollars in learning and proving that oil does not occur in 160-acre 
tracts, yet It tries to force oil to so occur by flat, or, at least, Ignores legally the fact 
that oil is migratory. 
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with no beneficent effect upon the resource as a whole. Neither 
technology nor law can meet the issue unaided — ^and no one wants 
the autocratic method, good or bad. Is there no way, then, whereby 
this country can administer its petroleum resource without waste, 
yet with fairness to all interests! Must we admit that to gain a 
legitimate service from petroleum we must sacrifice nine-tenths of 
the resource ? Such a necessity is scarcely conceivable, yet it seems 
to exist. Such a necessity, indeed, does exist, so long as the petroleum 
resource is left subject to the untrammeled operation of the law of 
supply and demand under conditions of unrestricted competition in 
production. 

The betterment of the petroleum situation, in the last analysis, I 
depends upon the recognition of a principle and the incorporation of 
that principle in a broad national policy bearing on all industrial mat- 
ters — ^a policy which we may term a constructive economic policy. 
The principle is this: That natural economic law is not invariably 
beneficial in its action, however advantageous in the majority of in- 
stances; that it requires surveillance and, in those cases where it 
fails, constructive help. This principle is perhaps most strikingly 
exemplified in petroleum, where the automatic control exerted by 
natural law has unmistakably demonstrated incompetence, but it is 
also true of a sufficient number of activities to have general signifi- 
cance. A constructive economic policy is desirable, then, not on the 
score of petroleum alone, but in behalf of the industrial development 
of the country at large. It would be scarcely possible to create 
machinery to handle the petroleum problem effectively as a single 
matter ; petroleum is too closely enmeshed with the whole industrial 
life of the country thus to be singled out.^ 

The general need for a constructive economic policy can not be 
gone into in detail here. Its general desirability and scope will 

^ The need for a constructlye economic policy la eipeclally apiwrent In the production 
and ntlliiatlon of mineral raw materials. If the reader could view, In rapid suceeMlon. 
the corves showing the Increasing consumption of the Tarioas mineral reeoarces and 
at the same time realise that the reserves of these resources (of the richness now 
worked) are strictly limited, he would be strongly Impressed with the ftict that sooner 
or later the world most make full ose of the raw materials which are now so Incompletely 
utilised. 

A widespread and general feeling In regard to soch matters seems to be, so fiir as 
may be gathered from everyday experience, that a constructive policy in regard to re- 
source efficiency would prove destructive from a human or personal standpoint, and 
therefore resource waste Is justified on the basis of Its moral safety. This view seents 
also to have gained ground from the more or less current feeling that the moral 
obliquity of Germany Is In part a product of her industrial organisation, which has 
naturally lent no popularity to the idea. But these considerations are believed to be 
beside the point; mineral resources (as apart from organic resources) are limited In 
quantity, are being used up with extraordinary rapidity, and the time will come for 
each limited resource when waste can no longer be tolerated. No matter the justifica- 
tion of compromise on other grounds, sheer physical necessity will dictate fuU utilisa- 
tion. That time is almost here for petroleum, just as it Is temporarily here for wheat 
Individualistic proclivities must give way before resource exhaustion. But, on the other 
hand, it may be questioned, purely on a moral basis. If wasteful utilization can be on 
as high a plana as full utilisation. 
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probably become clearer in the course of the ensuing discussion on its 
applicability to the petroleum problem. In this respect, a con- 
structive economic policy would come into effective play by seeking 
out those aspects of the petrolemn industry in which natural eco- 
nomic law, as it now operates, has not led to sound development ; it 
would then study those maladjustments and smooth them out by 
appropriate measures so as to bring the entire resource activity into 
effective operation. Sufficient, perhaps, has already been set forth 
in this paper to make clear that the glaring flaws lie in the realm 
of production and arise from the fact that the supply, due to various 
factors, is out of adjustment with the demand. If these degrading 
factors are permanently set inside, then the whole matter may«be in- 
trusted again, and this time safely, to the automatic regulation of 
natural economic law. 

Lest a constructive economic policy be regarded as an unduly radi- 
cal step, involving elements of greater danger than of prospective 
advantage, we may examine more specifically what its course of 
action would involve.^ The main lines of advance are clearly marked 
out. They indicate that a constructive economic policy would dis- 
courage unrestricted competition in production, provide for a taper- 
ing use of oil for steam-raising, insure the development of petroleum 
by-products, pave the way for the sound establishment of a shale-oil 
industry, and stimulate the production of benzol and alcohol as motor 
fuel. 

Discouragement of unrestricted competition in production. — ^We 
have seen tiiat the geological occurrence of oil leads to lavish pro- 
duction, a tendency that is given extravagant license by the small- 
unit competitive mining operations prevailing in this country. 
Hence there has long been an overproduction of oil in respect to the 
real needs of the country, with frequent spurts of gross overpro- 
duction. In these circumstances lie the major causes of waste and 
inferior utilization all along the line. By some means production 
must be brought under the control of legitimate demand. A con- 
structive policy, recognizing this desirability, will encourage a type 
of development that will hold petroleum in the ground until it is 
actually needed for high uses. 

The first step toward this end would logically be to disfavor small 
holdings. In the case of the public lands, this could be accomplished 
by appropriate legislation permitting the patent or lease of adequate 
acreage.* 

In the case of private oil lands, either developed or in prospect, a 
constructive policy will favor and facilitate integration, at least up 

^Anj action that hanns either eitabllahed indvetry or the imbUc Intereet la not con* 
ftmctiye. Sneh may be the criterion throngh the nae of which a constmctlTe economic 
policy may safely be appUed. 

> Bills now pending In Congress (H. B. 3282 and S. 2812) scarcely go far enough In 
this directUn. 
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to the point where each geological unit is occapied by a single pro- 
ducing activity. Anything short of this leads to competitive racing 
for extracti<m, the most potoit angle impetus toward wastefulness. 
As integration is a natural tendency, perhaps no artificial stimnlns 
#ould be necessary to attain an appropriate resolt, other than a 
policy advertising its desirability and perhaps obtaining the passage 
of standardized leasing laws forbidding grants of inadequate hold- 
ings. Petroleum mining can not be administered so as to give every 
comer a chance; that is inconsistent with the public interest because 
of the peculiar occurrence of petroleum; so much of individual lig^ht 
must succumb to the common good.^ 

Whfther production should become integrated in further degree, 
or come more fully under the ownership control of the handling 
activities, transportation and refining, need not be settled here. Cer- 
tainly, however, for good effect production must be controlled by 
demand working through refineries; production, then, can not be 
independent in fact Hence integration in this req>ect is unavoidably 
present, whether materialized in formal arrangements or not. 

The common objection that an integrative tendency must be com- 
bated as leading to monopoly need not detain the argument. A con- 
structive economic policy may be expected to find means whereby it 
can protect the public from the undue exercise of the power inherent 
in large integrated activities. Indeed, that saf^uard has already of 
late developed to considerable measure through the simple expedient 
of publicity of operations. Neither constructive policy nor inte- 
grated industrial operations will soon again underestimate the power 
of enlightened public opinion.' 

>The bearing of this matter on the pnbUc lands, although it is eqnally applicable to 
derelopmenta In general. Is well expressed by ICax W. Ball in testimony on the 
public lands glren before the Honse oommfttee on IPeb. 8. 1918, as follows : 

" It seems to me * * ^ that there are two fundamental theories as to the dis- 
position of pnbllc lands * * *. The first of these Is to so dispose of the poblic 
lands that the largest nomber of IndlTldnals win be able to make a llTing from them, 
make a profit from them, or in some way enjoy indlTidnally the benefits of the pnbUe 
domain * ^ *. Bappose we call that the ' indlTldnal-bonnty ' theory, which, I think, 
describes it fairly well ^ * *. The other theory Is to so dispose of the public lands 
that their products will be arallable to the pubUc with the minimum of waste and at 
minimum cost. Suppose we caU that the 'consuming-public' theory, for want of a 
better name. Possibly as good an example as we hSTS of that theory is the mlnersl- 
laod laws, under which we bare had such marrelous mineral development in this coun- 
try in the last two or three generations. Those laws, you wlU remember, although they 
proTide a limited area for each claim, make no restrictions as to the number of claims 
that may be operated together and therefbre permit smaU unit operations or large unit 
operations as may be necessary to get the mineral products to the public at the lowest 
cost • • •.'* 

' It oiay be presumed that the large units engaged in the handling of petroleum would 
have gone more fully into organised productions had not they faced a public opinion 
suspicious of any such trend toward what would popularly be termed '* monopoly." As 
these actirities could command, anyhow, all the oU they wished without directly con- 
trolling production, there was no pressing IncentlTe to go Into any branch of the activity 
that might inrite further destructlTe attention from pubUc opinion. Both the public 
and the petroleum Industry haye been the losers In this period, now passing, of mutusl 
distrust. 
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The elimination of excessive competition in oil production, that 
is to say, of competition within the geological unit or reservoir, will 
go far toward placing petroleum on the same footing with other 
mineral products. It will lessen the gambling aspect of oil-field 
exploration by bringing a greater measure of engineering practice to 
bear on the search for oil.^ It will strike to the roots of wasteful 
production and overproduction by enabling the producer to gain 
greater profit in holding the oil underground until needed and then 
producing it according to the best current technique than by rushing 
headlong into hasty production as is necessary under present cir* 
cumstances. It will create conditions of supply that will cater indiffer- 
ently to inferior uses, to the sustained benefit of all activities actually 
dependent upon the distinctive character of petroleum products. In 
a word, this simple expedient will prevent the migratory character 
of petroleum from working at severe cross-purposes, as it now does, 
with the best interests of the petroleum industry and the public. 

Tapering use of aU as steam-raising fuel. — ^While better rounded 
integration in the production of petroleum will find physical wastes 
unprofitable and lose interest in supplying low-use demands, a con- 
structive economic policy will also dear the path of certain obstacles 
now retarding an efficient utilization of petroleum. These obstacles 
are chiefly two : The large amount of fuel oil thrown on the market 
as a necessary product of refining, which must find an outlet; and the 
industrial dependency upon oil-developed steam power, strongly 
marked in certain parts of the country lacking in coal. A wise policy 
will turn the use of fuel oil into higher channels and narrow the 
necessity for employing the oU-fired steam engine. 

In respect to fuel oil, we have already seen that '^ cracking " dis- 
tillation can turn it in part into gasoline, while without change fuel 
oil may be used efficiently in the Diesel type of engine. Here are the 
means, then, for escaping the steam-boiler use of oil. ^^ Cracking'' 
may be expected to come into practice as needed, but its progress 
would be facilitated by extended research on a commercial scale in 
keeping with the true importance of this matter.' The Diesel engine 
has been scarcely used in the United States; its introduction on a 
broad scale may be facilitated by a campaign of educational infor- 
mation, by the encouragement of manufacturing plants, and par- 
ticularly by favorable consideration for adoption in connection with 
the Navy and merchant marine of this country.* 

1 A substantial gain from this will lie in the field of inrestments in respect to lowers 
ing the losses now so abundant in connection with fake and unsubstantial oil companies. 

* Such work is being done by the Bureau of Mines, but with financial support scarcely 
in keeping with the potential importance of the experiments. 

*The British ministry of reconstruction has a provisional committee for the internal- 
combustion engine industry which, presumably, will press this matter for Great Britain. 
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The disuse of the oil-fired steam engine may be encouraged and 
permitted through the proper development of other energy resources, 
such as coal and water power, as suggested in Parts 1 and 3 
of this paper.^ The extent of the dependency of the country 
upon oil-fired steam power is amazing in view of the slimness of the 
resource ; changes in this respect, in any event, must be forced within 
a very few years. The lack of a constructive economic policy has 
permitted this country to run into its present unsound condition in 
respect to fuel oil; the sooner the enlarging use be turned into a 
narrowing use, the better.^ 

The fuel-oil problem carries peculiar significance to the Southwest, 
for most of the far western railroads and industries and much of 
the Pacific coast shipping are utterly dependent upon fuel oil for 
energy. Indeed, the fuel situation in the Western States and on the 
Pacific is fundamentally different from that in other parts of the 
United States. Because of the prolific oil fields of California, which 
came into play at the beginning of an era of great industrial growth 
and the distance of the Pacific region from important coal fields, 
petroleum in that section is both coal and oil, so to speak. It can not 
long play the double role; in fact, even now, the situation is badly 
strained. Accordingly, the matter there is already an issue of grave 
importance. The far West must either turn to coal, hauling much 
of it long distances, or else develop cheap electric energy from the 
streams of the Sierra and Cioast ranges. It so happens, however, 
that over one-third of the available water power of the country is 
to be found in the States of California, Oregon, and Washington, 
ready to release oil from its crudest use as soon as an adequate policy 
of national water-power administration comes into play.^ 

*Tbe reduced utilization of fuel oil that would come from the wider employment of 
the Diesel type of engine and the rabstitntlon of coal and hydroelectric power in appro- 
priate degree would practically eliminate the low-use demand for petroleum prodacta, 
permitting the production capacity of the country to meet the legitimate demand for 
some years to come. 

*The California State 0>uncil of Defense (Report of the committee on petroleum, 
July 7, 1917, p. 158) estimates that fuel oil in San Francisco would have to advance 
from (1.46 a barrel, the 1917 cost, to $2.66 a barrel — ^that is to say, double — ^before It 
would become as costly as coal at $8 a ton. " It is evident," this report goes on to say, 
" that at present relative prices of fuel oil and coal in California, few consumers of fuel 
oil will voluntarily give up its use and revert to coal * ^ *." This report also 
reviews the water-power situation (pp. 169-172) and states that the minimum potential 
water-power resources of California, Oregon, Washington, Nevada, and Arisona is 
12,619,000 horsepower, 40 per cent of the water-power resources of the entire country. 
Of these potential resources only about one-tenth Is now developed, the equivalent in 
fuel oil of 19,000,000 barrels annually, while approximately one-third ** can be developed 
as required at an average Investment cost which will permit of successful and profitable 
operation under present conditions of the western power market." The undeveloped 
but practicable water-power resources of this section, then, are capable of replacing 
over 60,000,000 barrels of fuel oil annually, or approximately two-thirds of the present 
consumption of fuel oil in this section. Hydroelectridty, the Diesel engine, and a slight 
use of coal are capable, if properly directed, of solving the fuel problem of the far West. 
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Eru)ouragement of rwidtiple'product^ {by-product) development. — 
Even with better-rounded integration in production under way 
and the role of steam-raising fuel oil shifted to a tapering use, addi- 
tional gain will result from a constructive shaping of the demands 
for petroleum by-products so as to create a balanced outlet for the 
full values contained in the raw material. This accomplishment wiU 
depend upon a clear appreciation of the fundamental importance and 
tremendous significance of multiple production in general, together 
with a true perception of the peculiar nature of the problem that 
this matter presents. Since by-products represent a field of com- 
paratively recent growth, very immature as yet, and since, moreover, 
the term tends to connote products of incidental importance, it may 
be well to visualize the role of by-products in industrial growth, so 
far as this may be done in a broad, general way.* In this preliminary 
measure of the field we will confine ourselves to those industries en- 
gaged in the breaking down of raw materials into products, as the 
by-product principles are most outstanding and conspicuous there, 
though they are less obviously applicable to a greater reach of in- 
dustrial activities. 

Industries, such as the mineral industries, engaged in the extrac- 
tion of values from raw materials, have developed under the in- 
fluence of demands for one or more products and only under ideal 
conditions, not easily attained, do those demands become balanced 
so as to cause full value extraction, that is to say, full utilization. 
Such industries, then, under simple and (industrially) primitive 
conditions produce one or more main products and waste products. 
The waste is produced arbitrarily and necessarily, and is discarded 
in lack of a demand calling for its use. As such industries develop, 
products of value come to be made from the so-called ^^ waste " ; the 
industry then turning out one or more by-products, in addition to 
the main product or products, and less waste. But the development 
of by-products is a slow and lagging growth, so much so that, by and 
large, an imposing loss of potential value accrues by this default. A 
fully developed industrial activity produces main products, balanced 
according to demand ; by-products fully developed to current needs ; 
no waste products. There are few activities in the United States 
that have attained this measure of effectiveness ; perhaps the modem 
packing house is the most conspicuous example we can adduce. 

In the course of industrial growth, the production of main prod- 
ucts is under the control of a natural law whereby supply and 
demand seek mutually and automatically to effect a balance against 



^ Tbe term ** multiple product " la used to convey the Idea of unlimited range of growth, 
ft conception Inadequately ezpreised by tbe word '* by-product.** 

*Thl8 matter ii exceedingly luTolved and complicated and can be presented here la 
broad outUpe only. A more detailed study of the rOle of by-products In the mineral 
Industries Is In course of preparation for publication later In this series. 
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disturbing external factors. The production of incidental products 
(waste products and by-products), however, is under no such con- 
trol, but is determined by the output of main products. Hence the 
supply of incidental products exceeds the demand. Industry itself 
tends to bring these incidental products into use, but is limited by 
certain restrictive circumstances. 

The individual industrial activity is often too small or poorly 
organized to make by-product recoveries, which usually gain their 
value from a cumulative effect only possible under large-scale opera- 
tions. If the activity is strong and highly organized it tends to 
build up by-products, in so far as the by-products are end-products 
or near end-products; that is, materials that may be adapted by 
slight treatment to an immediate consumptive demand. Such activi- 
ties may even add smaU pendant industries in order to make the 
adaptation. Such pendant industries, however, are usually confined 
to operations that may be largely fed by the output of the parent 
industry. 

If, however, the potential by-products are of the intermediate 
order, requiring outside industries to carry them forward into use, 
and these outside industries are lacking, inadequate, or too foreign 
in scope to be built up by the parent activity, the matter of by- 
product development gets beyond the reach of industrial stimulus. 
Such is the case with the bulk of by-product possibilities. The 
parent industry can do little or nothing; independent industries to 
handle such materials are slow to develop, hampered by the un- 
certainties of a supply fluctuating independently of the pressure of 
their demand, and hesitating to build activities at the mercy of con- 
ditions beyond their control.^ 

Apart from the virtual inability of an industry to create a favor- 
able outlet for its potential by-products of the intermediate order, 
there is a lack of definite stimulus to do so, growing out of the fact 
that the loss involved in nondevelopment is not felt by the industry. 
Within an industry, it is true, where the lack of by-product recovery 
is due to the inferior practice on the part of an individual enter- 
prise as contrasted with its rivals, the waste involved does mean 
financial loss to the activity engaged in the inferior usage, and is 
slowly remedied by the operation of continued competition. But 
where the lack of by-product recovery is common throughout an 
industry, there is no competitive spur toward improvement; and 
as the waste involved in the lack of full-value recovery is a loss 
not borne by the industry and not perceived by the public, who for 
the main products pay a price untempered by by-product contribu- 

^ There are other factors retarding Independent indnatrial deyelopmenta ntlUsing by- 
products, but these Inyolye matters that need not be gone into here. 
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tions to joint cost, there is no activating motive to give the matter 
initial impetus. 

It would appear, therefore, that by-product developments are 
imder the influence of peculiar economic factors, and therefore de- 
mand treatment different from that accorded ordinary industrial 
affairs. Industrial initiative and competence face distinctive limita- 
tions in what they can do alone. These limitations lie in the field of 
industrial interrelationships, in the no-man's land between industriea 
These limitations can not be adequately overcome by any single 
industry ; their elimination requires cooperative action, synchronized 
growth, between one industry and another, frequently, indeed, be^ 
tween a large number of industries of which some may not even be 
in existence. These delicately balanced intergrowths obviously re- 
quire a guiding hand of wider sweep than any single industry 
affords. Here is a true governmental function, an untilled field for 
constructive economic policy to make productive. Upon this con- 
cept hangs the whole forward sweep of by-product development; 
and as the utilization of raw material is going forward, of necessity, 
on the basis of by-product recovery, we are here involved in a matter 
that may not wisely be overlooked. 

It need not be considered here how far a constructive economic 
policy may advantageously go in this matter. But at least it should 
accord the problem the true weight of its importance, build toward 
effecting a proportionated industrial growth, gather an accurate 
record of the so-called waste products turned out by the industries 
of the country, and encourage the development of new industries 
utilizing products now going to waste. The lack of a constructive 
economic policy in the United States has not critically retarded the 
growth of ordinary industrial activities, in which, indeed, this coun- 
try holds a foremost place; but it has been unfavorable to the proper 
development of all those industries involving by-product principles — 
the chemically controlled industries,^ as they may be termed for 
want of a better name — in which this country, in spite of some 
notable achievements, has fallen notoriously short of her possibilities. 

The whole matter of by-products growth has been retarded, also, 
by the general feeling that it represented a small incidental matter 
of no great moment.* But, as a matter of fact, the sum total of the 
possibilities embraced is of the most striking import, whether meas- 
ured in dollars or in service to society. The capability of by-products 
to lower the cost of main products is perhaps a very direct measure 
of the public's concern in a policy competent to stimulate progress 

^ Tills term Is Intended to be broader in scope than the term " chemical indnstries." 

* Anyone who has foUowed the chemical journals for the past few years would see no 

tendency to underestimate the matter, but these ylews, unfortunately, seldom reach the 

public broadly or the general press. Recent war^nforced Interest in chemical aifairs is 

changing these conditions slightly. 
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toward that end. No better example can be brought forward than 
the following table recently published by a large packing house 
showing how by-products contribute to lowered cost : ^ 

Average price paid for cattle, per steer $84. 45 

Average price received for meat OS. 97 

Average price received for by-prodacts 24. 09 

Total received 98. 06 

Expenses and profit 9. 90 

As to their social value — ^their contribution toward human conserva- 
tion and welfare — ^modern civilization in the past few years has 
become utterly dependent upon the aggregate of by-product sub- 
stances, which have already entered practically every realm of 
activity. Nay, more than this, civilization at this very moment of 
writing rests upon the competence of toluol, an obscure by-product 
of coal and petroleum, scarcely heard of a few years ago. 

Applying these conceptions to petroleum, we observe that petro- 
leum refineries at present produce : 



Four main prodnotiw .. . 
About aoo by-prodoots . 
Waste 



Proportkni- 
atebnlk. 



Per ceitf. 
About 80 
About 15 
About 5 



ftoportioii* 
ate value. 



Percent, 
About 90 
About 10 
None. 



The petroleum refining activity is the largest and one of the most 
efficient chemically controlled industries in this country. Yet whUe 
the most competent branches of this activity have carried the pro- 
duction of the main products forward with effectiveness, they have 
not been able, alone, to draw more than a modicum of value from 
the by-product possibilities inherent in the resource. Aided by a 
constructive economic policy active in the direction of shaping a 
proportionated outlet for intermediate products and focusing a 
competent campaign of chemical research on the matter, the pe- 
troleum industry would be enabled to carry its by-product develop- 
ment much further, to the relief of the cost now so exclusively 
borne by gasoline, kerosene, fuel oil, and lubricants. Petroleum 
and coal tar are the chief raw materials of synthetic organic chem- 
istry, and the values hidden in these two substances, as already 
so well known in the case of coal tar, can not be exaggerated in 
prospect.* 

1 Swift & Co., 1018 Yearbook, p. 82. Tbia expreasion, of courae, la conaenratlve. 

■Apart from tbe matter of by-producta, tbe automotive iuduatry can aaaiat in main- 
talnlng a balanced outlet for the main petroleum products by bending ita technical de- 
Telopmenta ao aa to fit the reaource in the way of adapting ita engines to handle a wider 
range of olla. 
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Encouragement of oU-ahdle development. — ^Although the present 
source of petroleum should be made to render its fullest serrioe, 
we should at the same time find out what is going to take its place 
and prepare in advance for the transition, not ignoring the matter 
until it is forced by sheer necessity.^ We have already seen that oil 
shale is the only successor in sight, and indeed some attention has 
already been devoted to this resource, especially as the richest part of 
it occupies land in possession of the Grovemment. 

But oil shale being a leaner resource than that now worked for 
petroleum is not a rival but an understudy to the oil field. A shale- 
oil industry will come into life when the situation is ready for its 
advent A constructive economic policy will neither force its 
premature birth nor will it permit conditions to retard its inception 
and growth when once its help is needed to supplement an inadequate 
oil-field production. The oil-shale matter, then, is merely part of the 
whole oil problem and can not be solved on its own merits alone. 
Indeed, it has no merits other than those reflected from a growing 
scarcity of petroleum. 

The oil-shale development will have to unfold under the influence 
of an economic necessity for shale oil. A constructive policy^may 
contribute to that unfoldment in three ways, but further than that 
it can scarcely go safely or wisely. 

It can, in the first place, stabilize the production of petroleum so 
as to place this resource on the sound basis of ordinary mining pro- 
cedure. With this done, oil shale will face a resource with which it 
can cooperate, not an adversary which it must fight. So long as the 
oil fields of the country fill all the legitimate needs for petroleimi 
products and contribute a large surplus for burning under boilers, 
there would appear to be no pressing need for shale oil.' 

Secondly, the Government can prepare for the time when shale oil 
will be needed by establishing an experimental plant on a commer- 
cial scale, equipped to work out on a practicable basis, with full 
by-product recovery, the most efficient practice adapted to the condi- 
tions of the domestic resource. Such a plant could start with the 
technique developed in the Scottish shale-oil industry, and by proper 
research build up a process which would insure the home activity 
from taking over any obsolescent features of the Scottish practice 
or from passing through a stage of technological immaturity. This 

^ We must remember that this country, thns far, has neyer had to face the exhaustion 
of a great resource. A somewhat analogous experience Is afforded* however, in the case 
of the Tirgln forests. 

sit is obvious that oil shale, to be profitable, must yield a full complement of 
products. There Is still an oversupply of petroleum in respect to that consideration. 
An artificially stimulated or premature production of large quantities of shale oil would 
encourage the perpetuation of the current wasteful method of exploiting petroleum. 
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step, too, by providing exact figures of cost would give needed in- 
formation upon which plans for an industrial development could 
be built. With the petroleum -situation under scientific guidance 
throughout, and the shale-oil process worked out, the successor to 
petroleum could come into action on the sound basis of engineering 
exactness, unencumbered by the speculative element of uncertainty. 

In the third place, as most of the richest oil-shale areas are em- 
braced in the public lands, the Government has the responsibility 
of either itself developing the resource or of delegating this duty to 
private industry. Since governmental operation of matters in the 
field of legitimate industry is outside the favor of public opinion, it 
is evidently necessary that the resource be made available to private 
development under terms favorable both to the industrial activities 
concerned and to the public at large. To this effect, it will be the 
function of an adequate administration of the matter to hold such 
lands open to legitimate development leading to production, but 
guarding them against entry for purposes of speculation or non- 
producing investment. This, in fine, will hold the resource receptive 
to the real need, when it comes, keeping the field free of hampering 
encumbrances. It is feasible to frame legislation at once that wiU 
advertise the fact that the oil-shale lands are definitely open for pro- 
ductive operations,' but are not available under conditions of de- 
ferred or non-production. As to the size of operations, it should be 
borne in mind for the purposes of such legislation, that while well- 
rounded integration is not essential to oil shale in the same degree 
that it is in respect to petroleum,^ effective operations will require 
a considerable outlay and hence should not be shaped arbitrarily 
to a meager scale. 

Encouroffement of henzol and alcohol development — ^While there 
is no apparent need at the present moment for gasoline to be re- 
lieved of part of its duties by the production of substitutes such 
as benzol and alcohol, these products are now running to waste 
because of the lack of that need. Each year we are wasting — de- 
stroying — ^vast resources capable of producing motor fuel, because 
they are a little less convenient to utilize than the petroleum resource, 
although the latter is strictly limited in size. Only an inadequate 
policy would permit such sacrifice of ultimate value to the expediency 
of the moment, although such a procedure is of such common ex- 
perience as to be looked upon as an economic necessity and hence 
justifiable. An analogy is afforded in the case of water power, which 
is still largely imused on the assumption that coal is plentiful and 

^ With oil Bbale the elementB of wildcattlng and competitive extraction are lacking^ 
hence there la no necessity for haste of prodnction, with its consequent waste. Also the 
conditions of shale-oil production can not support sustained oTerprodnctlon, as with 
petroleum. There is no need, therefore, to adjust sise of holdings to geological units. 
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hence that there is no need for water-power development; the blind 
adherence to this dictum, ignoring its inevitable bearing upon trans- 
portation, has probably caused sufficient disaster to arouse suspicion 
of its wisdom. 

A constructive economic policy, then, will not ignore benzol and 
alcohol, but on the contrary will promote their use. Benzol, indeed, 
demands such consideration on its own account, for a market for this 
product must be built up to help carry forward the important matter 
of proper coal utilization, as explained in Part 1 of this paper. 
Alcohol, too, is not without claim on grounds outside the petroleum 
interest, for its fuel utilization would give an outlet to the growing 
number of distilleries going out of service, while its possibilities as 
to generation on farms and its peculiar adaptability to tropical con- 
ditions form considerations of considerable weight. But for the sake 
of the petroleimi resource itself, it would not be unwise to bring some 
relief to the growing demand for gasoline, which unhelped must 
face eventual curtailment.^ 

SUMMARY. 

The petroleum resource stands out because of its limited size and 
decreasing availability, the growing importance of its products, and 
the notoriously high percentage of waste involved in its exploitation. 
According to conservative estimates, scarcely ^10 per cent of the re- 
source value is recovered under present conditions, while the unmined 
supply now available in the United States is only about 70 barrels 
to the person. A survey of the resource and of the industrial activi- 
ties engaged in its development indicates that the bottom cause of 
the present wasteful employment of this invaluable resource is a 
' lack of adjustment between economic circumstances affecting produc- 
tion, and the unique geological conditions under which petroleum 
occurs. The geological unit or reservoir, by nature indivisible, is 
arbitrarily subdivided into small parts for purposes of individual- 
istic production. This discordance leads to a train of wastes that con- 
sume the bulk of the resource. Its cause may be removed by 
reshaping the method of production so as to fit with the occurrence 
of the resource, and the means for this accomplishment will come 
through development and application of a constructive economic 
policy. 

The betterment of the situation, in the last analysis, depends upon 
the pressure of public opinion. The whole matter now rests upon 

> It may not be beyond the interest of the automotlTe industry to bend its energies 
toward providing a situation where beniol and alcohol wiU come Into action. 8o6h 
effort, if undertaken, should merit popular support because of its constructiTe tendency ; 
and in particular wUI it stand in need of sympathetic gOTemmcntal help when it ap- 
proaches the legal aspects of alcohol exemptions. 
79968'— 19— Bull. 102, vol. 1 8 



102 BXTIiLBTnsr 102, VOL. ly UNITED STATES NATIONAL MUSEUBC. 

an unsound basis. The exploration for petroleum is guided by the 
principle of gambling. The extraction of petroleum is dominated by 
the principle of robbery.^ The utilization of petroleum is conditioned, 
in part, by the principle of perversion. Society has put its ban upon 
these principles as applied to superficial matters. How long before 
their unsoundness will be recognized in respect to a basic necessity 
of Ufe?« 

^Not rohh^ry, but the principle of roJ>J>ery; oompetitiTe extractioii of petroleam within 
tingle reeerroln is legalised and In good repote. 

' The writers desire to acknowledge their Indebtedness for Talnable Information on pe- 
trolenm to the publications of the U. S. Bureau of Mines and the U. S. Qeological Snrvejr 
as well as to personal communications from many Individuals, including Carl H. Beal. 
Chester Naramore, John D. Northrop, David T. Day, H. 8. Dennison, and B. D. George. 



PART III. 

POWBB.^ 

In the struggle for existence man has attained superiority through 
a facility for turning the forces of nature to account. In modem 
life the expression of this facility is industrialism — ^the cooperative 
employment of mechanical power for useful work; the delegation 
of service to machines energized by coal, oil, and water power; the 
organized gaining of a livelihood. Mankind is therefore depend- 
ent upon industrialism and industrialism is contingent upon a 
supply of power.^ Power represents the substitution of mechanical 
energy for human energy, of mechanical wprk for human labor. 

INFLUBNOB OF POWER UPON CIVILIZATION. 

Modem nations expend far more energy than the combined mus- 
cular ability of their populations and beasts of burden. The margin 
is covered by the employment of mechanical energy in the form of 
power. To accomplish die work done annually in the United States, 
or at least the equivalent in such kind as men could perform, would 
require the* labor of three billion* hard-working slaves. The use 
of power gives to each man, woman, and child in this country the 
service equivalent of 30 servants.' Modem civilization arises from 
this organized employment of mechanical energy.^ 

^A contribution to the solution of the transportation problem. 

* Industry requires raw materials, power, and labor, and is activated by business enter- 
prise. The factors concerned in the supply of raw materials and power are no less im- 
portant than the human elements of labor and business enterprise, though the former 
have thus far received attention fAr short of their deserts. The fact that the reserves 
of raw materials are decreasing and the conventional sources of power are shifting, 
while both the potential supply of labor and the scope of business enterprise are enlarg- 
ing, make for a situation In which raw materials and power must come in for consider- 
able attention. It is with this prospect in mind that the present series of papers (parts 
4, 5, and 6 of Bulletin 102) have been written. 

'These figures are very rough, based on an assumed power utilization of 150,000,000 
horsepower (which may be fairly wide of the mark) and the equivalence of 20 man- 
power for 1 horsepower. As a matter of fact, this country has no adequate record of 
its total power consumption. The conventional man-power equivalent of 1 horsepower 
is 10, but taking into account the fact that man-power can not be sustained, the raflo 
of 20 to 1 is chosen as representing a fairer comparison. 

« " The power of Greece, whereby she achieved such great things In all directions of 
human progress, was largely based on the work done by the servile class. On the average 
each Greek freeman, each Greek family, had five helots whom we think of not at all 
when we speak of the Greeks, and yet these were the men who supplied a great part 
of the Greek energy. In Britain, we may say, each family has more than 20 helots to 
supply energy, requiring no food and feeling nothing of the wear and tear and hope- 
lessness of a servile life." (James Falrgrieve, Geography and World Power, 1917, p. 816.) 

103 
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The social response to the use of power is a departure from the 
individualized self-reliant order of livelihood and a steady advance 
toward the centralized integration of service which we now know 
under the familiar guise of industrialism. Whether taken in the 
whole or viewed in a single community, the outcome is the same. 
An example drawn from pioneer conditions will serve to illustrate 
the ^mple course of development. A machine suitable for doing the 
work of several hands is capable of filling the needs of several indi* 
viduals. Introduced into a community dependent upon hand labor, 
such a labor-saving appliance tends to centralize the work falling 
within the scope of the machine. The operator, becoming proficient 
and finding himself looked to for an increasing measure of service, 
adds to his equipment. At the outset he performs only the work 
brought to him by individuals in the community, who supply the raw 
materials and receive in return the finished products. Soon, how- 
ever, the competence of the machine becomes more widely recog- 
nized and the operator ih conmiissioned to supply the raw materials 
as well as the service. Presently, again, with the recurrence of such 
commissions, the operator goes further, and instead of awaiting 
specific commissions assumes the initiative in providing both raw 
materials and service in anticipation of demand, and thus an in- 
dustry, in the current sense, is launched. Such has been the run of 
evolution in the rise of industrialism, and wherever individual work 
persists to-day it is in process of giving way in favor of the com- 
munity operation. 

The use of power not only leads to centralization of work, but the 
form in which power is available determines the type of indus- 
trialism or civilization that develops. Considering energy apart 
from its sources, we find that this force has come into use in three 
mediums of expression^-Uquid, gaseous, and nonsubstantial-typi- 
fied in hydraulic power, steam power, and electric power. These 
steps in energy usage represent progressive stages in facility of em- 
ployment and indicate an evolutionary trend underlying the indus- 
trial unfoldment to which they have given rise. Thus the use of 
hydraulic power marks the period of individualism which prevailed 
the world over until the eighteenth century, and still holds in all 
but the so-called civilized nations; the application of steam power 
instituted a change so profound as to merit the name " The indus- 
trial revolution,'* and colored the whole face of modem civilization 
during a stretch of time, extending to the present, which may be 
termed the formative period of industrialism ; while the introduction 
of electric power brings forward a third advance in power usage 
offering to the maturing aspects of industrialism a special service 
needed to carry forward its complex and constantly enlarging 
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activities. Just as steam power opened up the coal fields of the 
world and freed the employment of power from the geographic 
restrictions inherent in the use of the pressure of falling water, so 
electricity reinstates water power on terms of equality with coal, 
offers the means for the transmission of energy devoid of bulk, and 
affords a readiness of subdivision and ease of application that con- 
siderably enlarges its range of applications.^ 

Thus the third and current stage in the growth of power utiliza- 
tion, and that is to say, of industrialism, is marked by the introduc- 
tion of water power on terms of parity with coal, by the establish- 
ment of facilities for extracting energy from coal at the mines and 
transmitting it to the points of use, and by the development of means 
for greatly facilitating the range of service that energy may be 
called upon to render. It will be observed that although the three 
lines of advantage have been open for some years, the first has met 
with but partial acceptance, the second has been entirely ignored, 
while only the third has enjoyed any considerable measure of service. 
This status of affairs, of course, is the outcome of commercial selec- 
tion, but it is desirable to examine whether industrialism can continue 
to grow in adequate measure without utilizing more fully and com- 
prehensively the opportunities held out by electricity. 

RELATION OF POWER TO TRANSPORTATION. 

• 

The United States places special emphasis upon the use of power. 
With national prosperity, abimdance of resource wealth, and dearth 
of labor, American industrial enterprise has naturally turned to 
the creation of labor-saving machinery and provided for its efficient 
employment through the medium of standardized volume-production. 
Thus the fabric of American industrialism is colored by the machine 
process and the large-scale operation to a degree not equalled else- 
where in the world ; while mechanical appliances and mechanical serv- 
ice have reached out into domestic life in a pervasive manner. These 
conditions have created and sustained a scale of living without 
parallel amongst other nations. To support this situation, this 
country consumes nearly half of the world's output of coal and over 
half of the total production of petroleum, not to mention the em- 
ployment of water power, natural gas, and minor sources of power.' 

^ The adTantages of electricity arlee from the fact that this strange and even mysterlons 
manifestation of energy Is virtually energy Itself — not energy locked up In a material 
condition and snhject to the laws and limitations of matter, hnt energy, the capacity to 
do work, freed from snhstantlal form. 

*0f the coal and oil consumed, onl^ ahout two-thirds goes Into the production of 
motive power, although much of the service outside this field is closely related, such as 
the production of heat, light, and chemical work. Before the war the consumption of 
coal in this country was hetween one-third and one-half of the world's total ; the pro- 
portion is now approaching one-half. 
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This unprecedented consumption of power, of course, places a heavy 
strain upon transportation, both directly by virtue of the bulk of the 
power materials to be moved — coal alone represents over a third 
of the country's freight — and indirectly in respect to the haulage of 
materials and products involved in the industrial processes. The re- 
sponsibility thus falling upon transportation is added to in further 
degree by the size of the country. The presence of a population 
scattered over a vast area, with a standard of consumption cut to the 
measure of a concentrated industrialism, attaches the element of dis- 
tance to the factor of bulk and imposes an accentuated dependence 
upon adequate carriage.^ Thus in two respects the transportation 
problem in the United States is unique. 

But national dependence upon transportation, so highly developed 
by virtue of the advanced state of industrialism and the areal extent 
of consumptive demand, is increasing. The rapidly enlarging use 
of power and the growing burden of commodity haulage arising in 
consequence, to say nothing of the claims of foreign trade, give no 
prospect of letting up. Every time an individual adopts a mechani- 
cal appliance or purchases an article hitherto made at home or gone 
without, thousands of others are doing the same thing. Society will 
not turn back now; presently it can not turn back any more than it 
can to-day weave its own garments by hand. The convenience of 
to-day is the necessity of to-morrow. If we project the present trend 
of requirements even 10 or 15 years into the future, we begin to gain 
a true perspective of the imposing weight of the transportation prob- 
lem that industrialism faces. 

Since transportation is called upon to bear a heavier responsibility 
in the United States than is the case elsewhere in the world, it should 
be observed that there is an element of weakness in the functioning 
of transportation which becomes the point of break under strain 
and therefore merits particular attention in this country. This is 
the matter of differential elasticity as between the operations vof in- 
dustry and transportation, which prevents an equalized stretching of 
the two. For example, when a ton of material passes through a 
manufacturing plant it means, with due qualifications, that the rail- 
roads have hauled a ton of raw material from far and wide and will 
move a similar weight of products away for distribution. Thus 
each increment to the volume of manufacture creates a twofold 
addition to the volume of transportation. Induce a stress of indus- 
trial expansion and the stress communicated to transportation is 
correspondingly magnified. The fabric is mechanical in each case; 
but the fabric of industry is woven with the maximum of elasticity, 
while the fabric of transportation is inherently more rigid. Thus 

^ This has nothing to say of farther complications in the way of conflicting^ currents of 
haulage arising from topographical conditions, etc 
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one of the knottiest problems in the whole advance of American in- 
dustrialism has been involved in the necessity for providing the 
requisite capacity on the side of transportation. The problem is seri- 
ous enough at best. But when the item of power in the form of 
freight-hauled coal is added, the requirement calling for additional 
elasticity in the mechanism of transportation is almost doubled a 
second time, and the situation becomes well-nigh impossible to meet. 
So long as power is provided by means of freighted coal in its present 
heavy proportion, the transportation of the country is bound to cause 
serious trouble, if not to break down, during every period of sudden 
industrial expansion. 

The relations of balance, as given above, are not in strict accord 
with statistical figures. Various other factors come in to qualify 
the figures, and incidentally to complicate the issue beyond the reach 
of simple analysis. Nevertheless the contrast noted is indicative of 
the general situation. The requisite degree of elasticity has not been 
attainable for transportation, and the lack of it has become increas- 
ingly conspicuous with the growth of the industrial order. The 
tendency has been to provide a surplus of slack in lieu of elasticity 
by maintaining facilities of transportation in excess of normal re- 
quirements. Such a condition constitutes a standing invitation to 
inefficiency and wastefulness, tending in the long run to nullify the 
potential advantage of readiness for industrial expansion, and hence 
is forecast for failure when put to the test. With industrialism less 
mature and less figgressive, these matters were less conspicuous, but 
their untoward propensities under present conditions of growth are 
becoming steadily more pronounced.^ 

Thus transportation is the neck of industry through which all 
of its materials enter and emerge. Upon the size and flexibility of 
this throat depends the rate at which industry can grow. Pressure 
here acts as a throttle; if severe, there resulte congestion, choking, 
even strangulation. Transportation, then, is crucial. Either we 
must pay unremitting attention to facilitating transportation by 
every means available, or else be prepared to see industry retarded 

^Tbe earrent sttoatlon In the United Statw does not dllfor fundamentally from that 
abroad, although the consequences have not appeared in eqaal measare in the two in- 
stances. The disparity Is one of degree; hut the nnnsnal weight falling apon trans- 
portation in the economics of American industrialism has tamed this difference into high 
significance. The outcome appears in present conditions: the United States has been 
bnilding a balky and cnmbersome fuel reqalrement, incapable of sustained growth, ready 
to fSil under inflaence of rapid industrial expansion, and due to display its weakness* 
on the first occasion in the breakdown of organised transportation. This is not to be 
regarded as offered in specific explanation for the trouble this country is experiencing 
as an outgrowth of the war. As a matter of fact, the present work was projected 
over a year ago and the summation of conditions set forth aboye was outlined at that 
time. Its purpose in respect to present difficulties is in the direction of diagnosing an 
organic weakness which rendered the country peculiarly susceptible to attack by the 
disrupting influences now so unconcernedly borne on the basis of a passing trouble. 
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and slowed down at this point, with a fall in the scale of living and a 
change in the color of national advance. Thus far this country has 
attempted to meet this issue almost solely by means of railways, and 
has ignored the bearing upon the matter of the item of power, 
although this ingredient engages over a third of the freight capacity 
of the country and is a prime contributor to the inelasticity of the 
transportation fabric as now woven. From a broad viewpoint, it 
would appear that the transportation problem can not be adequately 
solved without giving due attention to the question of power. 

Conversely, power itself presents a problem of no small magni- 
tude, since without adequacy in this respect the processes of industry 
are idle. It is common notoriety that the limiting factor in the 
supply of power is not a dearth in energy resources, of which, indeed, 
this country is amply provided,^ but lies in the means for getting the 
energy distributed to the points of use. The importance of the 
transportation side of the power problem is reflected in the country- 
wide system of pipe lines for the service of petroleum, and the con- 
centration of industry in regions provided with coal — both conces- 
sions to the exigencies of carriage. 

Thus, since the transportation problem embraces the matter of 
power, while the power problem displays itself mainly in the guise 
of transportation, the two issues merge, and whether viewed from the 
one angle or the other, the logical objective for an attack is pre- 
sented in the form of power transportation. 

PRINCIPLES OF TRANSPORTATION AS APPLIED TO POWER. 

Organized transportation differs essentially from the simple indi- 
vidual act of carrying only in magnitude. The underlying principles 
are the same in the two extremea Whether the concern be that of a 
stone in a neighboring field or a mountain of copper ore a thousand 
miles distant, effectiveness of transportation involves the same three 
factors. These are: 

1. The employment of the equipment best suited to the task. 

2. The advance elimination of superfluous weight. 

3. The full utilization of the material transported. 

The individual encounters these principles at every move and 
nabitually follows their promptings in conserving his personal 
efforts. The operation of industry as a whole is also fashioned in 
conformance with them. The developments in the case of power 
supply provide the only noteworthy exception. Here the practice 
is at variance, not merely with one of the principles, but with all 

^ So large are the energy reeonrees of the United States that their yery slie has made 
It seem nnnecessary even to regard power as a national problem. Hence the problem has 
actunlly come to a bond In all its serloniness, without any symptoms haying generally 
been recognized in advance 
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three of them. The energy in coal, for example, is not concentrated 
before shipment, but is hauled in its substantial, bulky form ; while 
the coal at its destination is not used so as to yield anywhere near 
its full service.^ With industry in general, conformance with these 
three principles has been automatic, a natural outgrowth in connec- 
tion with the development of the various types of operations; with 
power supply, on the contrary, a sufficiency of natural incentive 
toward such an outcome has evidently been lacking. It is desirable, 
then, to seek to determine what is back of this apathy in the excep- 
tional instance of power. 

The first of the three principles of transportation, the employment 
of suitable equipment, involves a community interest The facilities 
best suited for bringing to the market the com raised by one farmer 
will haul grain from the entire com belt with equal ease. Moreover^ 
with slight qualification, the same facilities will serve to transport all 
the material necessities of the region. Hence there have developed 
common-carrier systems, represented chiefly by the railways, to which 
the performance of this function is delegated. These common-carrier 
systems, it is needless to say, are essential to modem conditions and 
derive their existence from the community interest which they rep- 
resent. In consequence, the element of competition, which is the 
exact antithesis of community interest, is entirely out of place within 
the confines of such an activity. In the nature of things, accordingly, 
any response to the promptings of special interests amounts to a 
violation of a trust. Formerly this was not fully realized, and it has 
not been long since the evil influence arising from the promptings of 
special interests within the great common-carrier systems of the 
country was playing havoc with American industrialism. It is now 
firmly established, however, that the great arterial complex of trans- 
portation is founded on the principle of community interest and must 
be maintained in scrupulous accord with that principle. In the viola- 
tion of this trust a common carrier has in itself the power to make or 
break any industrial enterprise, hence the method of control must 
afford the maximum assurance that the trust will not, and can not, 
be violated. Thus the successful application of the first principle 
underlying effective transportation, from a national viewpoint, re- 
quires a common carrier system not only adequately equipped as to 
organization and mechanical facilities, but of public-service integrity 
established beyond question of doubt. 

The second principle of transportation, the advance elimination of 
superfluous weight, is a matter requiring individuality of treatment 
throughout. The conditions here are the reverse of those pertaining 
to the actual facilities of transportation. The responsibility attaches 

1 See Coal : The retoarce and its faU utilisation, Bidletln 102, Part 4, of thli MriM. 
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to individual activities ; there is no community of interest in the mat- 
ter ; the responsibility may be ignored, but it can not be delegated. In 
the realm of industry, competition affords the incentive for meeting 
this responsibility. The incentive, in general, has been sufficient for 
all practical purposes, and the specific application of this principle 
constitutes one of the chief interests in the shaping of industrial 
enterprise. Since power is a mineral derivative, the mineral indus- 
tries provide a logical field for comparison. Here is found scarcely 
an instance of consequence where the raw mineral values are not con- 
centrated to their utmost before shipment and where every available 
refinement of procedure is not employed toward the advance elimina- 
tion of weight. The whole field of ore dressing has grown up under 
the incentive of this principle, not to mention the applications of 
metallurgy in this respect. The only noteworthy exceptions occur in 
rare connections, where competition for the placement of *the end- 
products is a negligible factor.^ 

The third principle of transportation calls for the full utilization 
of the material hauled. American economic practice has regarded 
this, along with the advance elimination of weight, as a matter to be 
left to industrial determination and application. This policy is nat- 
ural enough and, in general, works out satisfactorily, for the two 
principles are complementary. What is usable at the manufacturing 
end obviously determines what represents value and non-value at 
the raw material source; conversely, the degree of separation prac- 
ticable at the source specifies the range of material for which use is 
to be sought. The whole epoch-marking development in the field 
of by-product manufacture finds much of its stimulus in the effort to 
derive returns from what would otherwise be the waste in transpor- 
tation. But, with certain notable exceptions offered by some of the 
large industrial combinations, there is much to be desired and little 
to be proud of, so far as American achievement in this direction goes. 
The superfluous transportation that results from the failure at the 
manufacturing end to make full utilization of the whole range of 
values held in the raw material hauled amounts to many millions of 
tons each year. Instances are plentiful where the loss is due to a 
blind nonrecognition of opportunity on the part of the interests 
directly concerned. But in the main the default rests upon the in- 

^ Perhaps the most notorioas example of failure on this score Is afforded by anthracite 
coal during the war-time stress, when millions of tons of waste slate were permitted to 
accompany the outgoing shipments of coal from the mines. The same thing was essen- 
tially true of bituminous coal during this period, only, as bituminous coal In the 
natural state is cleaner In respect to slate than Is anthracite, the relative proportion of 
waste hauled was less in the case of soft coal. The outcome, then, should be accredited 
more to natural conditions than to lack of enterprise in this direction on the part of the 
bituminous producers, who. In common with the anthracite producers, displayed a ready 
response to the temporary nullification of competition as regards the placement of their 
products. 



POWER. Ill 

adequacy of American economic practice, which relies upon competi- 
tion and the automatic working of the natural law of supply and 
demand to bring all good things to pass, neglectful of the fact that 
in the by-product realm supply is conditioned otherwise than by 
demand, that pending the creation of a proportionated demand the 
discrepancy of overweight on the side of supply is rejected as waste.^ 
In such manner have the three principles of transportation de- 
veloped in American economic practice. In the realm of .common 
carriage, competition has been found to be out of place and is no 
longer relied upon, community interest taking its place. In the 
realm of advance preparation, competition has proved effective ; and 
its free operation there is desirable. In the realm of full utilization, 
competition alone has been unable to achieve adequate results; and 
the need for constructive help to make competition effective here is 
coming to be recognized. These principles have registered among 
mineral resources in the main; they have failed dismally to find 
lodgement in the field of power resources. It remains to determine 
why the contrast and what the remedy. In the attempt, the three 
aspects of the situation will be considered in the reverse order of their 
presentation above. 

FULL UTILIZATION OF POWER MATERIALS. 
bOli of uultiplb production. 

The power materials are coal, oil, and water, and, in the present 
connection, it is desirable to examine how fully the amount trans- 
ported is utilized. Water, of course, is not carried considerable dis- 
tances for purposes of power generation and therefore presents no 
problem in this connection. Oil, on the contrary, is in part inade- 
quately utilized, but this matter involves many complexities, which 
are given in detail elsewhere' and accordingly may be passed over 
without further comment here. This limits our consideration, under 
the present head, to coal. 

Current demand calls for the annual transportation and distribu- 
tion of about 700 million tons of coal.* Much of this demand could 
be satisfied with no other commodity or form of energy, while any 
change in the part open to modification can take effect only slowly. 

1 This Important matter is examined in greater detaU on pages 96-88. 

' Petroleum : A resources interpretation. Bulletin 102, Part 6, of this series. 

■In 1917 this country produced 640 million tons, but the requirements for 1918 will 
be over 700 million. While roughly only two-thirds of the output is used for power 
generation, the other third being employed for the manufacture of coal products (chiefly 
coke) and for domestic heating, the principle of full utilisation applies to the total 
amount. 
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Meanwhile the demand is increasing at the rate of some 50 million 
tons each year. The expansion in new consumption, then, may fairly 
be expected to offset any curtailment in bulk that betterment of pro- 
cedure may permit. The best that may be hoped for is a check in the 
growth of the coal burden under which organized transportation is 
already staggering. To let this burden freely continue to increase, 
trusting the outcome to luck, is to court all kinds of trouble, if not dis- 
aster; yet, even with best effort, there is little prospect of a diminish- 
ing requirement. 

It would appear, therefore, that at best we must continue to deal 
with over a half billion tons of coal. This figure, then, may be taken 
as representing the minimum of actual demand that must fall upon 
transportation, the minimum of tonnage whose full utilization in con- 
sequence is called for. Primarily this enormous amount of coal is 
now consumed in order to gain the energy contained in it, all else being 
disregarded. But coal is something more than energy in material 
form ; it is also a source of many valuable mineral products. Indeed, 
it is a veritable treasure house of values, in this regard far surpassing 
any other type of mineral substance.^ Upward of a thousand coal 
products are in use to-day, some of them filling needs less conspicuous 
but every bit as vital as that for fuel. And the development is still in 
its infancy. A few years ago and few of these products were known. 
Chemical vision can see no limit to the further unf oldment in pros- 
pect. The boundary to this field is like the horizon, always in sight 
but never to be reached. ' There can be no full utilization of coal 
which fails to take these matters into account. 

At the present time a very small proportion of the coal consumed is 
adequately used. Putting to one side anthracite, which has an energy 
value merely * and therefore yields a reasonable service in its crude 
state, and counting off about one-twelfth of the bituminous coal, the 
portion subjected to by-product recovery in connection with the manu- 
facture of coke, we find that there still remains each year in round 
nimibers a half billion tons of coal which are consumed in the raw con- 
dition with a total loss of the commodity values and an incomplete 
recovery of the energy. The sum total of this loss represents the 
margin between present attainment and full utilization, and may be 
presented in tabular form, as follows : 

^With the poSBlble exception of petroleum. 

* Its commodity values were lost In the course of its strenuous geological history. 
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The question naturally arises, why this preponderant inadequacy 
in coal utilization ? This is no simple matter to explain : the reply 
that the individual user, whether an industry, a community, or a 
householder, finds it cheaper to consume raw coal than to dispose 
separately of its various values is true, but superficial. That pro- 
cedure is not cheaper for the users in the aggregate; also there is 
no lack of technological knowledge requisite to fuller recovery 
of the values in coal. The shortcoming, then, can not be due to 
lack of desirability or to lack of technique. The default must be 
credited against economic conditions. And since the United States 
in the past has possessed no activities engaged in shaping and stimu- 
lating industrial developments, the responsibility reduces itself to 
the fact that industrial enterprise has not seen fit to go into the 
matter. Either the opportunity has not been apprehended or indus- 
trial enterprise, cognizant of the situation, has not been interested. 
The latter is undoubtedly the true explanation.^ For this lack of 
industrial initiative a blend of several factors is responsible. In the 
first place, America has been full of opportunities for volume pro- 
duction, and consequently business enterprise has not been forced 
by the stress of narrowing industrial opportunities to turn to the 
far more complex field of multiple, or by-product, production ; only 
where the opportunities afforded in this direction were outstand- 
ing and marked has the inducement been responded to.* Secondly, 
any given project, on contemplating the prospect, faced a situation in 
which the establishment of production would yield by-products, the 
consumption of which required other industries which in turn 
would contribute other products calling for still further activities; 
hence a project at the source would undoubtedly see their contem- 
plated output ranging off into hypothetical regions not yet estab- 
lished; while a project, viewing the matter further out, would 
regard its proposed position as bearing some resemblance to an island 
in a sea of nondevelopment. The requisite reach of coordination 
was evidently not self-accredited on the part of industrial enter- 
prise. Then, again, the field has opened up fully only of late, so 
that the full measure of the opportunity has not been long standing. 

In addition to these considerations, there has been no competitive 
spur to action. The loss represented in the wasteful consumption of 
raw coal was not felt by any given industry, since the practice was 
universal and the cost under this head was a more or less xmiform 
item which was shifted in its entirety to the shoulders of the con- 

^ Industrial enterprise has been Interested to the extent of bringing multiple production 
Into about half of the coke Industry, but here the opportunities are particularly fayorable. 
'As In the case of by-product coking, petroleum refining, etc. 
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suming public.^ The need for advance was also not generally appre- 
ciated, inasmuch as there was plenty of fuel, transportation diffi- 
culties had not loomed up, coal products could be purchased from 
Grermany, nitrate could be imported from Chile, and, in general, the 
whole matter of coal was taken for granted. 

Hence industry had no particular incentive for entering into a 
new field which, while large, was intangible; moreover industry, 
under the old order, faced decided limitations in its recognized ina- 
bility to construct a proportionated demand for the whole range of 
prospective products. On the other hand, the public, which was 
actually paying the cost of the inadequacy, but under a disguised 
heading, did not see its concern in the matter, nor was public inter- 
est represented by machinery charged with acting on popular behalf ; 
public utilities commissions, the nearest approach to such machinery, 
were notoriously weak and shallow; the Federal Government, lack- 
ing the pressure of public opinion, did not take up the issue. So 
the course of progress was short-circuited, and the tremendous possi- 
bilities in our unrivaled coal resources remain to-day practically 
untouched. The industrial progress of this country has been sus- 
tained by the mining of an ever increasing quantity of coal, until 
the very bulk of the total has become a critical weakness in this 
country's industrial life. 

Such is the situation. The utilization of coal is extravagantly 
wasteful from beginning to end, the wastefulness is a matter of 
uniform practice not subject to improvement through avenues of 
individual enterprise, and, contrary to general notions, it is the 
public at large, not industry itself, which stands the loss from the 
shortcomings in the situation and which is, therefore, primarily con- 
cerned in its betterment. 

The public is concerned because it pays the bill rendered by present 
wastefulness and will reap the gain accruing from any progress 
toward competency. The net advantage will not merely represent 
the margin of value now lost, but in addition will include the border 
of advance added by the multiplication of values over those calcul- 
able from the standpoint of the present. The total gain can not be 
expressed in terms of exact figures; indeed, it is in no sense a fixed 
quantity," but entirely dependent upon the length to which the 
future carries the matter from its present chaotic stage. But apart 

^In the realm of iDdnstry, where wastefulneee is a matter of scattering indlTldual 
practice, the industrial offender pays the direct penalty of loss; but where wastefulness 
is a matter of uniform practice and Is the rule, the whole harden of loss falls upon the 
consuming public. Ordinarily, the stimulus of competition works automatically to 
undermine inadequacy and prevent its permanent establishment In uniformity of practice. 
But if natural obstacles In the path of industrial enterprise render indlyidual actiyltles 
powerless to proceed in any other than the wasteful direction, nothing operates to 
prevent the rule of Incompetence from becoming a stabilised convention. 
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from the prospect of future gain, the maintenance of the situation 
as it now stands is actually costing money. There is no apparent 
reason why fully coordinated development should not look toward 
a fairly complete recovery of at least the leading by-products^ in 
coal, and this prospect would definitely entail the doubling, if not 
the trebling, of the fuel efficiency derivable. This means that our 
present annual coal output could be made to more than double its 
service, or, accepting the current service requirement as a standard, 
that less than half the output can do the present work and in addi- 
tion make heavy contributions to the supply of fertilizers, motor 
fuel, and chemical products. The aggregate loss, on the basis of 
this very modest estimate, runs well above a billion dollars a year, 
or over $10 for each inhabitant of the United States. (See Table, 
p. 118.) Of such measure is the average man's pecuniary interest in 
the full utilization of coal. 

Improvement in coal utilization, then, can not be relied upon to 
come from industrial stimulus alone, but must be brought into effect 
as the result of public interest in the matter. The means for start- 
ing toward this accomplishment are set forth in Part 1, as lying in 
the direction of enlarged municipal gas plants, which will handle 
all the coal needed by the community with the production of solid 
fuel, gas,' and the by-products, ammonia, benzol, and tar. 

Through the principle of multiple production, therefore, coal can 
be forced to render up its full quota of service. This is a new 
economic force, one scarcely recognized as yet as a principle ' which 
may be constructively applied. Yet the principle of multiple pro- 
duction has been gaining headway for years, and by means of it the 
multiplying needs of man are being met from practically a station- 
ary range of raw materials. The role of multiple production is 
rapidly enlarging; it represents a principle that must come into 
play more and more to relieve the strain falling upon natural re- 
sources and transportation. Through the agency of chemical knowl- 
edge it serves to create a divergence of products, each the startmg 
point of a second diverging series. The principle of multiple pro- 
duction is peculiarly applicable to coal and oil; only by the use of 
this principle, brought into effective action under the guidance of 
a constructive economic policy, can adequate value be extracted from 
these power materials.' 

^Nitrogen, bensol, and tar. 

> Or the energy may be separated from the commodity yalues wholly In the form of gas. 

*The whole matter of multiple production, a term of broader significance than the 
more familiar one of hy-prodncl prodactlon, is discussed in detail in Parts 1 and 2 of 
this paper. The coming in of multiple production as an economic force will cause a 
reylslon In some of the popularly accepted ideas of economics, especially as regards the 
operation of the "law of supply and demand," as the reactions in the neighborhood of 
multiple production are different from those occasioned by yolume production. 
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* BXLATION OF MULTIPLR PBODUCTION TO BUaCTBICITY. 

The principle of multiple production and the principle of electricity 
are the two most important economic forces that have come into play 
during the current industrial order. Nothing since the introduction 
of steam power can be compared with either of them in significance. 
Both are radically at variance with the established order; both have 
a special bearing on the power supply as affording untold possibili- 
ties for marked betterment. Neither has won recognition in this field 
provocative of notable change in the basic conventions of procedure. 
Here each alike has been ignored, except in so far as its advantages 
have gained lodgment within the establishments of precedent. Of 
the two electricity has made the greater headway ; multiple produc- 
tion has not yet found an opening outside the confines of the coke 
industry and has succeeded in preempting only half of that field.^ 
Neither electricity nor by-product coal utilization has entirely been 
neglected, but the real possibilities for the common good so bounti- 
fully contained in each have never been cultivated in the least. 

In the realm of power these two great agencies of economic ad- 
vance are exactly complementary. Together they present a solution 
for the transportation aspects of the power problem, not to mention 
their bearing in other regards. The principle of multiple production 
enables the full utilization of the whole range of values transported 
in the form of coal. Electricity makes it possible to transmit energy 
where energy alone is required and thus f f^ees the ordinary channels 
of transportation of a needless burden of bulk haulage. The first 
would determine the amount of coal needed and insure the adequate 
employment of that amount; the second would make it unnecessary 
for the railways to haul more than the amount thus determined. The 
outcome merely waits upon the application of these two economic 
forces in effective coordination. 

POWER RESOURCES AND ADVANCE ELIMINATION OF WEIGHT.* 

Before the advent of electricity energy was inseparable from a 
material expression, and the economics of power usage grew up 

*The gas Industry weighs but lightly in this connection, as this activity coDsumes only 
about 1 per cent of the bltnminons coal prodnctiun, and in this field maltlple production 
has scarcely started. The principle of multiple production, however, spells the future— 
the only future, bnt that a great one — ^for the gas industry. 

> Oil is left out of consideration, for the present purpose, as InTolylng a highly 
specialized field which can not be gone into here without an unwarranted dlgretwloo; 
besides, this matter Is treated In detail in Bulletin 102, part 6. of this series. Counting 
off the use of gasoline and other light oils for automotive pnrpoRPS (n field of power 
application not ordinarily considered in connection with the problem of Industrtal power), 
there Is a formidable and growing quantity of fuel oil that is devoted to steam raising; 
large areas of the country, Indeed, not within easy reach of coal fields, are served by fuel 
oil to the almost complete exclusion of coal, while even within the coal territory fuel oU 
has replaced coal to some extent. But the character of the resource Indicates that the 
growth of fuel-oil employment is of a mushroom order; with a capacity for Infinitely 
greater refinement of function, its use for the brute force of Industrial power Is a per 
version which can have no permanent place in the category of progress. Though tran- 
siently a competitor to coal and water power, oU la fandamentaUy a aapplementary 
resource : Its degree of overlap now represents the measure of Its perversion. 

799e8'--19— BuU. 102, vol. 1 ^9 
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under the exigencies of this dependence, as illustrated in the distribu- 
tive use of coal. But now a command of the electrical principle 
makes it possible to deal with energy freed from substance. This not 
only concerns coal by providing the means for extracting the energy 
at the point of production, instead of at the many points of use, to 
the gain of efficiency and the saving of transportation; but it applies 
also to water power, a resource hitherto fallen into disuse because of 
its inability to cope with coal, but reintroduced by electricity upon 
more advantageous terms, to the practical gain of a new energy re- 
source. In spite of the fact that electricity has been in common and 
growing use in this country for many years, it has effected practically 
no change in the basic conventions of coal usage and has led to the 
development of a small fraction merely of the available water power. 

Since electricity has rehabilitated water power, thus making avail- 
able two energy resources where there was only one before, it is desir- 
able to determine the resource status of water power as compared 
point for point with coal power, for the two are coming, of necessity, 
into competition, and unless water power in its new habiliment can 
stand on a reasonably equal footing the outcome of the competition 
is bound to fall in favor of coal, as occurred before when steam power 
drove hj'draulic power to the wall. In which event water power, in 
spite of its ethical advantages, would have no special signficance for 
the present. 

In respect to the size of the resource reinstated by electricity, there 
can be no fault to find. Efforts to determine its magnitude have led 
to estimates placing the possibilities of hydroelectric development 
in the neighborhood of 200 million horsepower, of which some 50 
million is capable of use without special provisions for storage.* 
Expressed in another manner, the water power of the United States, 
converted to electrical energy, is more than capable of turning every 
industrial wheel and illuminating every street and building in the 
entire country. Also the resource is country-wide in distribution. 
(See fig. 14.) The apportionment amongst the various sections is by 
no means even, but the supply is more widely and equably spread 
than is the case with the coal fields; and the regions distant from the 
sources of coal are all bountifully favored with water power. Thus 
New England, the South Atlantic States, the Southwest, and the 
Pacific slope, together embracing over half of the potential water 
power of the country, are all practically without coal and bear testi- 
mony to this complementary distribution of power resources. (See 
Table, p. 119.) This balanced occurrence has considerable bearing 

> Tbf dlsrrepancleB In the various attempts to inveDtory tbe water-power reaources of 
this cAiintrj are due to soTeral quallfytni; factors, notably that of storage. Since tbe 
deniand for power Is commonly uniform tbe year round, tbe capacity of a given aite for 
saatalnMl elTort Is determined by the period of mtntmnm flow. Accordingly, stormge pro- 
visions doubling tbe flow merely during such perlodB will double the year-round capacity. 
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upon the welfare of the Nation, as treated in some length under 
" Nationalization of industrial opportunity." * 

Table sTtotoing distribution of irater power in scciiona lacking in coal, 

(Figaros approximate and given in round numbers.] 



New England States (Maine, Vermont, 
New Hampshire, Massachusetts, Rhode 
Island, Connectinit). 

South Atlantic States (Delaware. Mai7- 
land. Virginia, South Carolina, Qeorgfa, 
Florida). 

Southwestern States (Arizona. New 
Mexico, Texas, Oklahoma, Arkansas, 
Louisisjia). 

Pacific States (Califomia, Oregon, Wash- 
ington). 

All other States 



Potential water 
power (porcent- 
age of total In 
united States). 



3 per cent. 
6 per cent. 
6 per cent. 



43 per cent. 
42 per cent. 



Unmincd coal (percentage 
of total reserve). 



None. 



1 per cent (prartloallv all 
in Virginia and Mary- 
land). 

4 percent (mostly in Okla- 
noma and Texas). 

2 percent (mostly in Wash- 
ington). 

03 per cent 



Unminrd oil 

(percentage 

of total 

reserve). 



None. 

None, 

52 per cent.o 

31 per cent. 
17 per cent. 



a Includes Kansas. 

But in spite of the advantages of size and wide distribution en- 
joyed by water power, this resource has not been able thus fur to 
enter into serious competition with coal. Only some 10 per cent of 
the total expansion in power consumption in recent years has been 
in the direction of water power. The present production of hydro- 
electricity in the United States represents roughly the equivalent of 
40,000,000 tons of coal, whereas nearly 400,000,000 tons of coal goes 
into the production of steam power and carboelectric power.* The 
water power developed to date is around 10 per cent of that readily 
available; scarcely 8 per cent of the total open to development under 
elaborate arrangements for storage.* (See fig. 15.) 

The favorite explanation for this laggard growth on the side of 
water power ascribes the whole trouble, either directly or inferen- 
tially, to the handicaps imposed upon private initiative by the in- 
adequacies of Federal legislation. The facts do not bear out such 
conclusion further than to accredit this factor with contributive im- 
portance. Federal permits are requisite to the development of 75 
to 80 per cent of the potential water power of the country, the bal- 
ance being accessible so far as Federal permits go. About 4 per 
cent of the restricted portion and about 25 per cent of the part out- 
side Federal surveillance have been actually put to work. The dis- 
crepancy of 21 per cent between the two is impressive, but even 
granted that this is attributable wholly to Federal interference, 

^See pages 134-138. 

• Tbe term carhoeleetriciftf Is self-explanatory ; it is u«ed to rover electricity genera twl 
from the carbon fuels, such as coal. It stands in contrast to hydroelectric! ty, electricity 
generated from water power. 

* Bfitimates of this kind are prnvlftfonal only, for the amounts of the " readily aTail- 
able " and ** total " are not accurately known nor definite. 
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which is not the case,* it will be seen that the nondevelopment of 
three-quarters of the potential water power of the country remains to 
be accounted for on another basis. In other words, the quality of 
Federal legislation, even under sweeping concessions to its untoward 
effect, provides but a minor element in the complete explanation.* 

The specific obstructions to the unfoldment of water power will 
be looked at later, but back of these instrumentalities is a funda- 
mental economic setting which is essential to the view. The fiiain 
features of this background are two in number. One is concerned 
with a relation between the power resources; the other, with the force 
of convention in respect to power usage. 

In the first place, coal and oil have been so bountiful in this coun- 
try that only the richest portions of these resources are worked; a 




Fid. 14. — The dibtkibution of the witks -poweb bebouhcbb or thb Uhitid aTiTcii. 
project contemplating the development of a water-power site faces 
this situation." It is evident that the cream of the water-power re- 

1 Tbe TTBtcr-power rlglits eabject to Prieral JuriidlctloD are larg«1f loratrd In ntsloDi 
of the Weat remote from tnduBtrlil center* irhere tbe; are not currrntt; wanted anrwaj. 

' or course, the whole default rony be atlrtliuted to the OoTemtnent'B Ini* of aotlon, 
bnt the total effect of lll-aclTl«ed leslalatlon. while ilgnlQcant, baa been enRmratrd. 

*Or course, the whole default ma; be attribnted to the GOTerameQt'a lock of ootloa, 
nneconoinlcal baali of opporlDDEsm Ibat for the time being a iniwrabundanee A coal 
and oil bai been malDtatoed on the market. It ma; eound na If one were making IlKht of 
the facta to speak ot there being an oierproductlon of cm.\ and oil at a lime when 
eTerrone has been meeting on erer; hand a shortage of these iMBle materials. Yet It la 
well within cooMrvatlTe flgurea to agsert, even without reference to water-powpr poten- 
tialities, that thia coantr; has long produced more than double the amount ot coat and oU 
really needed under proper arrangementB ; and, of necessity, the surplus haa had to be 
consumed In the form of waste. Overproduction leads to waste ; waste leada to orerpro- 
ductlon ; and so the circle goes on unbroken. With no pressing necessity foe Introducing 
economies In the nae of coal and oil. there was sUU leea of urgency to csU the more basic 
economy ot water power Into play. 
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source has demonstrated its capacity to compete with the cream of 
the fuel resources, and it is a fair assumption that the balance is 
reasonably even in this area of rich values. But most of the cream, 
aside from that withheld by Federal restrictions and assiduously 
sought after by special interests with a taste for such matters, has 
been skimmed from water power, while it has not yet been exhausted 
from cool and oil; and the average of hydroelectric power, under 
present conditions, can not compete against the residuum of cream 
now being assiduously removed from the other two.' But the course 
of preferential skimming will tend to equal matters up, and a steady 
increase in the significance of the water-power resource is to be 
anticipated. 



DEVELOPED TOTAU AVAILABLE 

riO. 10. — CHAaCBBOWIKO IBM DBTILOPIO WATCB pnwmi OF THE UNlTm) StATI 



In the second place, and viewed from the standpoint of the large 
consumer of power, the use of fuel is the established convention for 
covering the needs for power. Where steam power is wanted, 
fuel of course must be used. But even where electricity is re- 

1 It Is evident, ot conrM, that coo nl durable coal acd oil are belDg nacrlficed tor the fa.ke 
at sItIdb water iwiier a belter reaource ■taodlav, Tbla. in ■ nallontl Bense, la unfor. 
tniiate ; far tbe coal aupp!;, wbHe great, la Dot uiHlmlled, and Ite needtcu use IdvoIteb 
tbe loaa dI coal producta, tbe true Imparlance of whlcb in ■ few jean are bound to be 
recogDlied 1 wblle tbe petralenm reaerre la already no tbe verge ot eibauatlon. The fuel 
reaourcea are Hied Id quaoMt; and are Id the nature of capital which does not draw 
iDtereat ; wali'r power, an tbe other baDd. may be coiopared lo bd ODOulty, the aonual 
IncremeDta ol wblcb lapee If not cnrrently uaed. Hence, as a conceneloD to conv?nlencn 
aod Id tbe fluxh of resource wealth, tbla cauDlry haa run Into the economic Impropriety 
of drawing upon Ita energ; capital white neiclectfal of lis cuergy annuity. While tbla. 
«f coarae, will afford ao unpleasant conteoiplatloD lo tbe neil gpnerallon and may even 
affect Ibe youoger members ot the present, at the same time it is racotnil»^ that sucb a 
consideration has acant practical weight In favor of bettering tbe altuatlati as Btaodlag 
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quired, fuel is usually the most convenient source. For purposes 
of generating electricity the primary power is ready at hand in the 
case of operations already established on a steam-power basis, while 
for the service of expanded or newly projected operations the simple 
expedient of enlarging or at most erecting a steam-power plant is 
all that is necessary. In either case the first cost is low, and the 
chief element in outlay is the expenditures under the heading of fuel 
purchases, which follow along steadily, but are distributed over the 
subsequent years of operation. The current proceeds from these 
operations are counted on to care for this train of expense; hence, 
from a pecuniary standpoint on the part of a given industrial ac- 
tivity, there is no occasion for advance effort in capitalization under 
this head beyond the amount called for in connection with the sub- 
ordinate item of cost for the erection and equipment of a steam- 
power plant. In the case of hydroelectric development, on the con- 
trary, the conditions are reversed, and the whole weight of emphasis 
falls at the outset on the initial cost of power-site development. The 
running cost of hydroelectric power consists mainly in the single 
item of interest money on the capital represented in the initial out- 
lay. An analogous condition would obtain on the side of coal- 
generated electricity if a given enterprise were called upon to pro- 
vide an adequately equipped coal mine in addition to the power plant 
itself. In the one instance, as matters now stand, the coal mines are 
already established in lavish numbers and do not enter into invest- 
ment calculations; in the other, the power sites, with choice excep- 
tions, still lie fallow and have yet to be developed if they are to be 
used. This is the situation facing any given industrial enterprise, 
however large, in respect to establishing its source of power. For 
the hydroelectric alternative to be chosen, it must present more than 
equal advantage. Indeed, it must be decidedly preferable, for 
projects in process of formulation or expansion are apt to find their 
capitalizing ability pretty fully exercised without taking on the de- 
velopment of any special source of power, whether in the nature of 
a coal mine or a water-power site. Hence, in the process of natural 
selection exerted by business enterprise, water power is usually set 
aside as presenting claims inferior to coal. 

This holds true not merely for manufacturing projects but for 
purely electric-power projects as well. No exception is found even 
in these common instances of municipal electric-power supply, where 
the bulk of the consumption is on the basis of pay the price or do 
without. What is the use, in these cases, of undertaking the tre- 
mendous extra effort connected with developing a special water- 
power source, even granted an ultimate saving in cost? A public- 
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utilities commission would in all likelihood force a corresponding 
reduction in price, and all the effort would come to nothing really 
worth while, since these projects are in the nature of public-service 
corporations.^ The public at large can be relied upon to pay any 
price conventionally established just so long as the actual cost of 
production is sufficiently high to prevent the rate from being too 
extortionate; hence, no one gains by lowering the cost of produc- 
tion — except the public, which goes, therefore, to no account. A 
special price may even be quoted to industrial users to discourage 
the larger interests from generating their own electric power, since 
they have a choice in this matter which the public does not enjoy. 
Thus the river that flows through the town has the beauty of its 
course unsullied by commercialism. Instead, a trolley park, with 
merry-go-rounds, dancing pavilions, loop-the-loops, and the like, 
occupy the power site. With its art and enterprise thus catered to, 
American municipal life in plentiful instances, not excepting that of 
the- Capital city itself, is disposed to rest content. 

Thus industrially and civically alike the electric-power situation 
is stagnant, caught in a backwater of convenience, with the course 
of progress blocked by the obstacles of initial cost. But it is not 
hydroelectricity alone* which has its progress thus obstructed. Its 
case is conspicuous because the resource itself is largely cut off from 
employment and advertises the inadequacies of the situation broad- 
cast over the landscape. The shortcomings with reference to carbo- 
electricity are not so obtrusive and hence not so notorious ; they are 
not heralded openly by actual disuse, but are cloaked instead under 
conventional misapplication. Thus commonly as much as a fourth 
of the coal-fired power employed in centers of population has its 
energy applied in the form of electricity. Yet, with the rarest ex- 
ceptions,* this energy is transported to the centers of use in the form 
of coal and there the electricity is generated in steam-power plants. 
Electric-power usage has merely been appended to the established 
structure of steam-power practice, with the result that the employ- 
ment of power has been greatly facilitated, to the further aggrava- 
tion of the broad problem of transportation. Thus far the very force 
that has the capacity to correct the transportation evil has merely 
served to accentuate it. By virtue of electricity, more power is con- 

^A designation not altogether clearly understood. It Is sometimes construed as Implying 
corporations serving the public Instead of being served by the public. The former meaning 
is not Justified by practice. 

*The most significant exception Is a power plant near Lansford, Pennsylvania, which 
was placed at the coal source for the express purpose of serving a distant patronage, 
its ultimate goal, indeed, being I*hlladelphla and New Tork. Of course, first and last, 
there are numerous stoam-electrlc plants In the coal regions, but with very few exceptions 
they are prt'scnt because of a local demand for electricity, not by virtue of the presence 
of coal ; in the aggregate, therefore, they scarcely temper the transportation burden In 
the ooal country itself and have no clfect at all upon It outside. 
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suined, more raw materials are required, more goods are produced, 
more coal is freighted. 

The distributive generation of electric power was natural enough 
and the only practical procedure so long as the use of electricity was 
small. But that time has passed. Electricity is now a commodity 
in everyday use, with a large and steadily growing aggregate de- 
mand ; to adhere to the original practice bespeaks obsolescence. Such 
escape as has been made from the confines of stagnation has been 
almost wholly in the direction of hydroelectricity. So, in spite of the 
great amount of talk and publicity that centers around the water- 
power issue, there is more evidence of basic progress on this score 
than may be found on the side of coal power. AU that may be fairly 
said in dispraise of the progress of this country in respect to water- 
power is likewise true as regards coal power. In fact, this country 
does not face a water-power problem as such; the issue is more 
broadly a power problem, of which water power constitutes only one 
important segment. 

Objection may arise at this point that a systematic generation of 
electricity in coal fields is prevented by technological difficulties in 
the way of long-distance transmission of power to the points of use. 
It is true that there are many open problems hi long-distance service 
of this kind, but these are by no means insuperable; yet, granting 
them full weight and considering merely what has been already ac- 
complished in connection with hydroelectric transmission, we find 
that transmission lines 100 miles in length are common, while 
those up to 250 miles in length are known and regarded as prac- 
tical. If we accept say a 200-mile radius as a present standard, and 
consider the distribution of the coal fields of the country in relation 
to the centers of population, we find that circles may be drawn around 
centers of coal production which will embrace a considerable area 
and much of the industrial territory of the country. Thus on the 
basis of present technical attainments alone, with no allowance for 
improvements under way, a large share of the current power demand 
could be supplied directly over wires from the coal fields. 

Such a change in practice would operate to the relief of transpor- 
tation and on this score contribute a country-wide advantage. But 
it would also create special industrial opportunities which would fall 
only within the reaches of the transmission systems. Hence to plan 
a comprehensive development of the areas in proximity to coal fields 
would be to emphasize and accentuate the advantages of environment 
which are already proving hurtful to the economic growth of the 
country as a whole.^ The economic gain that would come to outly- 
ing sections through the general betterment of transportation would 

^See NailonaliBatlon of InduHtrial opportunity, pagen 134-138. 
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certainly be more than offset by the economic losses resulting from 
the increased disparity in power supply. There is no occasion, how- 
ever, to confine attention to coal-field developments without regard to 
the distribution of water-power resources, which, as already noted, 
bulk largest in the regions lacking in coal. Sather than to single out 
the coal regions for favor, it would be preferable to take the opposite 
course, leaving the near-by sections to be served by freight-hauled 
coal and relieving the longer hauls by promoting the systematic 
development of outlying water-power sites, and thereby not only help 
transportation to better advantage but conserve the natural resources 
involved and diffuse industrial opportunity as well. But fortu- 
nately the two lines of action are not alternate& On the contrary, 
they enmesh in a singularly perfect manner and lead to a common 
end. In this light it is important to review more specifically the 
obstacles which have hindered water power and all but excluded 
coal power from assuming the complementary roles to which they 
are admirably adapted by virtue of their natural dispositions. 

Of the two, water power may be looked at first, because it is the 
more conspicuous in its failure and in extenuation offers reasons 
complicated by a greater scope of variety. For the meet part these 
qualifications have already been examined, and, besides, to a great 
degree, they are either self-explanatory or, at least, have been given 
sufficient publicity of discussion to be more or less common property. 
Accordingly, in the interest of brevity, they may be listed with a few 
comments only rather than gone into at length. 

1. Adverse legislation. — ^Here the situation has been clouded by 
various issues of Federal, State, and individual rights, covering not 
only the immediate subject of power but sundry other uses, such as 
stream navigation, likely to be interfered with. In view of these 
complications, legislation has characteristically been framed with an 
eye toward legalistic ends rather than in the direction of a genuinely 
constructive economic outcome. 

2. Public sentiment — ^There is a general feeling, natural enough in 
the strength of its hold, that in the beauty of the country's rivers, 
with their rapids and waterfalls, adheres a certain nobility of func- 
tion whose grandeur is the common birthright of all. Tlie surrender 
of this heritage to the interests of commercialized service is a line of 
conduct not likely to meet with public approval. Whatever of actual 
substance in the way of purpose is to be recognized in the fabric of 
legalism, as noted under the previous caption, has been contributed 
largely in response to this attitude of public sentiment. The attitude 
has unquestionable justification and must be reckoned with. Those 
on the one side who would have it ignored are as far wrong in the 
solution of the water-power issue as those who would give it unquali- 
fied heed. Yet the principle is universally recognized that the inter- 



126 BULLETIN 102^ VOL. 1, UNITED STATES NATIONAL MUSEUM. 



ests of beauty must give place to pressing needs of utility. This 
consideration alone would not give rise to disfavor in regard to water- 
power development. The source of disapprobation lies in the lack 
of vivid appreciation as to the matter of need, coupled with the 
attendant imputation of surrender to vested interests. Accordingly 
the water-power situation can not be satisfactorily cleared up until 
the need for the systematic development of this resource is firmly 
established; until freight congestions, fireless homes, foodstuff costs, 
and other intimately personal issues are seen to be genuinely in- 
volved; until the opportunity for the restrictive furtherance of 
special interests, financial or sectional, has been eliminated. Until 
these conditions have been met, attempts to promote the development 
of our water-power resources are bound to result in ineffectual 
compromises. 

8. Cost. — ^A hydroelectric station, once established, is largely self- 
contained and automatic in operation. There are no periodic items 
of cost for fuel, for its freightage, haulage, handling, and the like, 
such as associate themselves with the operation of a steam-power 
plant. So, apart from such incidentals as administration, insurance, 
taxes, and depreciation, which together bulk small, practically the 
whole burden of gross operating expense is that assimied at the 
outset in the guise of initial cost and perpetuated in the form of 
interest money.^ 

Thus the cost of money, displaying itself in bond interest, is the 
determining factor in the cost of hydroelectric power precisely as tlie 
price of fuel, with its accompaniment of expense, determines the cost 
of steam power. The cost of money in this country, on a strictly 
commercial basis, is high. The prevailing rate of interest demanded 
of water-power developments is around 7 or 8 per cent, which, with 
discounts taken into consideration, normally means a demand 
amounting to 9 or 10 per cent on the working proposition. Esti- 
mate after estimate the country over has gone to show that only the 

1 A unit analyslB of the eross operating expenses of a typical steam-electric and hydmelertiio station of 
the same eapacitv (30,(XX) noraepower: annual load factor, 50 per cent: coal, at S<.25 per ton delivered) is 
given as follows oy Oano Dunn, The water-power situation including its linandal aspects, Proc. Amer. 
Inst. Bleotr. Eng., May, 1916, p. 685: 
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water-power site especially favored by natural advantage is sus- 
ceptible to development under these conditions in competition with 
the prevailing cost of steam power. These favored examples also 
frequently provide a bone of contention over which conflicting in- 
terests raise a great to do, tending to create the impression that the 
water-power resources of the country constitute a tremendous asset 
whose possibilities are being arbitrarily withheld from their normal 
course of unfoldment. Nothing could be much further from the 
truth. With the exception of the few conspicuous instances that 
serve as a stimulus in keeping the question alive, no particular sig- 
nificance attaches to the country's undeveloped water power under 
existing conditions of finance, or will, until either these conditions 
have been lived down or steps have been taken to better them. The 
former represents a tendency which left to itself is not likely to yield 
anything of consequence for years to come. Nor is there any room for 
hope in technological advance. The issue of cost is a matter which, 
like the legal and sentimental obstacles just outlined, must be over- 
come, and the only way in sight lies through arrangements which 
will impart a degree of stability to water-power securities such that 
they will receive the benefit of a reduced rat€i of interest. This 
phase of the subject will receive further attention later on. 

Thus the influences holding back water-power development are of 
a threefold order. These do not operate separately, but in conjunc- 
tion with one another. Water-power development stands in need 
of special consideration; instead, it meets with special opposition. 
There is none to work in its behalf except those with special objects 
in view, and the recognition of this quality in their efforts has gone 
to establish opposition. The contention in this wise has grown to be 
organized on both sides, with each alike oblivious to the real com- 
munity of interests involved and legislative action caught fast in 
an entanglement of compromise. In all three respects the situation 
is in a deadlock and the likeliest chance of a break toward progress 
lies in the entry of a new standard in the field, a standard under 
which the rights and best interests of all concerned can have the 
assurance of fitting recognition. 

The carboelectric issue, on the other hand, is far less advanced 
and correspondingly less complicated. It has scarcely progressed 
beyond the general setting of inertia which characterizes the failure 
to locate power stations at the source of fuel supply and still de- 
termines their establishment distributively at the points of use. 
There have been no special interests involved to stimulate any par- 
ticular activity otherwise; there has in consequence arisen no basis 
for the provocation of organized opposition or legal byplay. The 
hydroelectric issue has been seen to stand in need of a new stand- 
ard ; the issue of carboelectricity has not even been popularly recog- 
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nized. Ordinarily, under such conditions, sporadic activities ap- 
pear over the even surface of apathy as precursors to an organized 
effort to follow. In this case there has been an obstacle to check 
such sporadic beginnings. It is the obstacle of initial cost express- 
ing itself in the matter of electric transmission lines. In meeting 
this aspect of the situation we come face to face with the third ele- 
ment of our major theme of discussion — ^the facilities best suited to 
advantageous transportation. 

FACILITIES OF TRANSPORTATION AS APPLIED TO POWER. 

We have seen from our discussion thus far that full utilization of 
the energy materials in distributive use involves the constructive 
application of the principle of multiple production, ilnd that the 
advance elimination of weight is concerned with the generation of 
electric power in centralized relationship to coal fields and water- 
power sites.^ The nature of these issues and the problem they afford 
have been explored, and it now remains to trace the issue concerned 
with the provision of adequate facilities for the transportation of 
energy in concentrated form. 

Energy is practically the only natural resource product susceptible 
of concentration which is shipped broadcast in the crude condition. 
The dictates of demand, it is true, still call for a large proportion 
of the supply in the crude state, and to this extent concentration in 
advance is obviously impracticable.* But the order of requirement 
is changing rapidly, and even now over one-fourth of the call is foi 
the concentrated product — electricity. Yet, as we have seen, there 
has been no progressive change in practice to correspond. It is as 
if our gold supply were shipped in the crude state of its native 
occurrence for concentration at the market centers instead of at 
the mine ; for whereas the degree of material concentration effected 
on behalf of gold is considerably over 99 per cent, the attainment 
possible on the side of energy is a full 100 per cent. There is just 
one important difference between the two instances. Refined gold is 
adapted to haulage by the conventional means of transportation at 
hand, fully as much so, indeed, as the ore from which it is derived. 
But refined energy is not. It can not be loaded in freight cars or 
done up in express packages. The alternatives lie in providing 
special facilities of transportation or else hauling the crude material 
in all its excess bulk for concentration at the points of use, and the 

^ It is only as applied to organized transportation that the isauea of advance concen- 
tration and multiple production are strictly complementary. The recovery of by-products 
is just as feasible and desirable in connection with carboelectrlc superpower stations cen- 
tralised in respect to coal sources as it is in connection with any set of operations 
centralized with reference to consumptive demand, as, for example, in the case of gas 
manufacture. 

> Except in so far, of course, as a change in the supply would modify tlie demand. 
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choice in practice has uniformly fallen in favor of the second 
procedure. 

The reason for this uniformity is obvious. It is cheaper for the 
user of energy to rely upon the transportation facilities already at 
hand, employing them in the movement of the crude bulky material, 
than to provide himself with special facilities for the transmission 
of the refined electric derivative. But it does not follow, to be sure, 
that because the procedure so uniformly followed is individually 
cheaper, this course is economically preferable. In the absence of 
railway facilities, for example, it would be decidedly cheaper for 
the individual consumer to haul his coal from the nearest mine by 
truck than to build a railway line for the purpose. Yet no one would 
think of arguing in this case that reliance upon truck haulage is 
preferable to the opportunities that would be afforded by railway 
transportation. The issue between electric transmission and rail- 
way haulage is precisely similar. 

The provision of special facilities of transportation finds its justi- 
fication in the magnitude of the service to be rendered. Were the 
item of haulage under view small in size or restricted in locality 
the whole matter need not come up as a broad problem. But the 
haulage of power in material form amounts to nearly a half billion 
tons and covers the country. There is no default, then, on the side 
of magnitude. Special facilities, too, have been provided for oil, 
the power material next in importance to coal. To serve the ends of 
this large resource a network of pipe lines, thousands of miles in 
aggregate length, is spread over half the country. In this case, 
however, crude oil is not in the nature of a general utility, but serves 
a specialized industrial demand centered in refineries. In conse- 
quence, pipe-line transportation found its creation and nourishment 
at the hands of the large private interests at stake. For electric 
power, on .the contrary, there was no such activating interest 
Though bulking large, it enjoyed a diverging distributive use quite 
the opposite of the convergent refinery consumption of crude oil. 
Moreover, the railroads were already established in coal fields when 
electricity came on the scene; their presence, therefore, offered 
scant encouragement to the growth of a more modern type of com- 
mon carrier. On the contrary, it may be surmised that the whole 
matter may have been arbitrarily held back by the pecuniary dis- 
advantage that would accrue to the established undertaking in event 
of change. Indeed, it may well be that this consideration has not 
been without weight in retarding the electrification of the railway 
lines themselves. A given railroad, under conditions of active com- 
petition, could scarcely be expected to take the lead in giving up 
such a lucrative item as the transportation of coal. It thus appears 
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that such interests as already occupied the field were inclined to 
oppose the provision of special facilities for the transportation of 
energy, while in respect to oil the interests concerned in advancing 
its transportation were sufSciently strong and organized to overcome 
the factors inhibiting the establishment of the modem pipe line. 
Hence the energy needs of the country are now served by two carrier 
systems instead of three. 

A special type of transportation equipment in the way of electrical 
transmission lines is urgently needed to serve the energy require- 
ments of this country, but these special facilities may be advan- 
tageously established only on the basis of a common carrier. In 
close analogy to the railroads, though in contradistinction to oil 
pipe lines, the service to be rendered is strictly distributive and of 
a public-service order; hence competition here is out of place to 
precisely the extent that it is inexpedient in the case of the railways. 
The railroads of this country wrought havoc with industrial life 
until the element of special-interest preference was eliminated and 
the whole system was placed on a common-carrier, public-utility 
basis. We may profit in this matter by that experience, and arrange 
to skip the period of adjustment that proved so costly and disastrous 
in connection with railway development. The railroads, therefore, 
provide a warning example from which may be determined the 
status that should be accorded the new development. Hauling coal 
is a problem of transportation ; hauling energy in the form of elec- 
tricity involves the same range of principles but requires merely a 
different set of physical means. In point of fact, the whole ad- 
vancement contemplated is but a further refinement in transporta- 
tion equipment, just as the modern steel gondola^ is a refinement of 
the old-fashioned coal car. 

The railroads themselves have a prime interest in this matter of 
establishing more facile means for the transportation of energy. 
Not only are they the chief haulers of energy in bulky form, but they 
likewise constitute the chief single consumer of this material energy 
which burdens their lines. The railroads burn approximately a 
fourth of all the coal produced in this country,* this item along rep- 
resenting at least a tenth of their total operating expense.' Thus an 
improvement in energy transportation would not only relieve the 
railways from a needless burden of bulk haulage, but would at the 

^A self-dumping car dow In common use for hauling coal. 

* In 1915 the railways of the country used 24 per cent of the total output, or 28 per 
cent of the bituminous production (C. E. Lesber, Coal, Mineral Resources of the United 
States for 1015, United States Geological Survey, pt. 2, 1017, p. 473). This baa nothing 
to say of the fact that about one-eight of the petroleum output Is consumed by railways. 

* A determination of 11.05 per cent is given as an average of all the railroads in the 
United States having operating revenues greater than $100,000 in the year, by L. B. 
RtiUwell, Relation of water power to transportation, Proc. Amer. Inst. Electr. Eng., 
May, 1010, p. 662. 
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same time benefit otherwise their operations by giving an impetus to 
railway electrification, with attendant gain in freight movements by 
nature of the greater freight capacity accruing to electrified systems.^ 
Thus, on every count, the matter resolves itself into an inseparable 
part of the transportation problem, and from this coalescence there 
is no escape.* 

CORRELATION OF WATER POWER AND GOAL POWER. 

Bringing together the two issues of water power and coal power, 
which we have followed thus far in parallel considerations, we find 
that the causes which have retarded the development of hydro- 
electricity and prevented the establishment of carboelectric power 
stations at coal mines are broadly similar. In the case of water 
power, the failure is traceable to (a) initial cost and (h) a dead- 
locked issue between public and private interests; while, with coal, 
the element of initial cost has been almost equally effective, with a 
lack of interest,* instead of discordant interests, acting as the con- 
tributory factor. The provision of suitable transportation will 
clear up the two retarding influences in both cases. 

In the first place, the establishment of a common-carrier system 
if electric transmission lines on a public utility basis will nearly 
halve the interest rate now demanded of projects having to do with 
electrical developments. We have for this assurance the example 
of the railways themselves, which have long been accustomed to 
procure capital at rates of 6 to 6 per cent. The system under view 
could be given more stability than the railways have formerly en- 

^The Increase in freight capacity that accrues from electrification, with its accesRory 
automatic devices that permit an almost solid stream of freight cars, is startllngly great 
In view of freight congestions nnder present arrangements. With proper terminal facili- 
ties and electrification, it is safe to ny that the freight capacity of a system ronid be 
multiplied by a considerable figure. It has been recently estimated, for example that 
inland transportation in England attains a capacity efBclency of scarcely 10 per cent. It 
has frequently been noticed in the United States as to the anomoly of hauling coal 
halfway across the continent to lift a train across the Continental Divide, when the 
topography of the divide is ready to provide for this purpose hydroelectric energy, which 
itself is susceptible to partial recovery on the down slope by means of regenerative 
braking. In this connection, the pioneer work of the Chicago, Milwaukee ft St. Paul 
Railway is deserving of the highest commendation for Its constructive significance. 

* It is commonly recognized that one of the weakest features in the industrial develop- 
ment of the Unlfpd States Is the ovcraccentuated responsibility now falling upon the 
railways; any measure tending to lighten this weight obviously strikes at the roots of 
a very fundamental and Important Issue. While the consideration may be a gratuitous 
digression in this place, a plan for adequate inland transportation in this country 
is conceived to embrace (a) airplane service for special mail and for passengers restricted 
in time; (5) motor-truck service for short-haul freight and for the service of farming 
districts in coordination with parcel-post deliveries; (o) railway service for normal 
freight and passenger accommodations; (d) trunk-line, deep waterway haulage for slow- 
moving and bulky freight ; and (e) transmission lines for the delivery of electrical energy 
from the coal fields and water-power sites. 

• Such private Interests as might have had a concern in the matter (as the railways) 
were rather Inclined to cast their Influence on the side of inaction in this respect ; whUe 
the public Interest, as usual, had no eyes with which to see their concern; in result, a 
state of outward apathy surrounded the issue. 
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joyed, to the gain, perhaps, of even better interest rates than may be 
calculated from the unqualified analogy. Not only would this sta- 
bility be inherent in the transmission line development itself, but 
would reflect a similar measure of soundness upon the projects 
concerned with the development of power sites and the establish- 
ment of power plants, so that the field of power operations in its en- 
tirety would benefit. The recognition of public backing would 
transfer the whole matter from the type of investment sponsored 
by the professional promotor to the realm of securities represented 
by bonds of a substantial and conservative standing. And since the 
cost of money is the major expense attached to the developments, 
the reduction of this factor would reflect in increased proportion in 
the lowered price of electric power.^ 

In the second place, a special common-carrier system under pub- 
lic oversight would serve to give the proper temper to the appre- 
hension of the public in respect to surrendering what is now 
conceived to be its natural rights, thus breaking the deadlocked 
issue that has so long contributed to the sluggishness of hydro- 
electric developments; while the apathy surrounding the matter 
of coal-field generation of electric power would be replaced by 
conditions making for the profitable establishment of this activity. 
The public, seeing its interests properly safeguarded, can be counted 
on for sympathetic support of the movement; while industrial in- 
terests in general, being in the business of manufacturing commodi- 
ties rather than energy, will find it natural to favor any action 
that would facilitate the supply of energy — ^an accessory to their 
operations — ^just as they are keenly interested in any constructive 
measures that would be likely to ease off the labor problem. 

The experience of this country has shown that the conduct of 
the common-carrier systems must be subject to public oversight. 
At the same time, it has been amply demonstrated that, for the sake 
of safeguarding private initiative and business enterprise, this over- 
sight should be called into play as slightly as conditions permit.* 
Applying these concepts to the proposition in hand, we reach the 
conclusion that while it is necessary that a system of electric trans- 
mission lines should be of a common-carrier, public-utility order, 

1 It fhould be mentioned that In many Inntancefl the development of water-power sltea 
InvolTes the provision of fAcllltlea for narlf^tion and Irriiratton. These attendant actlrl- 
ties would be In the nature of bj-products. so to speak, orer the f^in to be derived 
on the score of power, and as snch they should weigh In ontlay calculations as Joint 
sharers In the expense apportionment. The provision of a lower money cost for water- 
power development, therefore, would reflect advantages over a wider scope than is em- 
braced even in the broad Item of power usase. 

s While there can be, of course, no universal agreement to premises of this kind, these 
two conditions are believed to represent fairly the common sense of the country In this 
matter. They certainly involve no violent assumptions, for both for some time have 
been guiding influences in the destiny of the Nation. 
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for which the railways provide a pattern ;^ the reahn of power pro- 
duction offers great leeway for the upgrowth of coordinated, but 
separately constituted activities, thus stimulating initiative and en- 
couraging business enterprise far beyond their present attainments 
in this field. In this connection, it is worthy of emphasis that such, 
restrictions as may be inherently necessary in correlating the whole 
fringe of attendant activities with the central enterprise will be 
overwhelmingly offset by the tremendous opportunities created by 
the unfoldment 

This type of development will place water power and coal on an 
equal footing. In regions where only one is present, that, of course, 
will alone produce. But in regions where both are on hand, the one 
rendering the cheaper service will come into play through a process 
of natural, unhampered selection. Thus the common carrier will 
coordinate the two resources, so long estranged, and lead to their com- 
plementary and balanced development. Adequate transportation has 
always been necessary to the development of resources; it is a trite 
commonplace that no region, however rich, can become of consequence 
until served by proper carriage. This is no less true with energy. 
Given suitable transportation, our energy supply is assured.^ 

The final status of a common-carrier system for the transmission 
of energy can not be determined at this moment. The entire prob- 
lem of transportation is in course of flux, and the special issue of 
power must be cast into the cauldron in which the railway matter is 
boiling. As the railways emerge, so should power. But with no in- 
clination toward voicing a decision in the matter, it may be antici- 
pated that a special transportation service for power, to fulfill its 
proper function, will have to be either (1) an integrated activity, 
privately financed, but under public oversight on the basis of a 
common carrier, and comparable to a railway company; or (2) if 
still closer Federal oversight be desirable, a dose corporation, in 
which the Government holds the stock, bearing some analogy to the 

> Owing to the relative shortness of transmission radius (up to about 200 miles under 
presont practice), conditions might arise in certain localities in which the authority 
▼ested in the Federal Government under the head of Interstate commerce might prove 
more restricted than in the case of the railways. These and similar difflcultleB will no 
doubt arlde, and objections to the ^hole conception may be raised on this score, but 
technical niceties and equivocations are being cast aside right and left in response to 
the claims of progress, and in this respect nothing of an unsurmountable nature can 
be discerned ahead. 

* Taking a broad view ahead, we are confronted with the fact that the whole forward 
8^'eep of electrical development is dependent upon a supply of copper, or some such metal 
of ready conductivity. The copper supply of the world has come under close observation 
during the course of the war and there has resulted no special confidence in the bounti- 
fulness of supply for the future. As is well known, copper mining has already 
been reduced to the expedient of working a lean type of disseminated deposit by large- 
scale methods of operation, and a large part of the world's output is so derived. In 
view of the importance of the property of conductivity, the whole future of transportation 
would seem here to enmesh with mineral resource efllciency in respect to copper and 
with electrochemical advance in respei't to developing supplies of other condactort. 

T^geS**— 1»— Bull. 102, VOL. 1 10 
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activities now being carried on in behalf of the country by the Food 
Administration and the Emergency Fleet Corporation. 

But whatever the outcome of the railway issue — or, more broadly, 
the transportation issue, from which the power problem is insepa- 
rate — ^this country need not wait upon the eventuality before taking 
action. Just as the railroads are not idle during the period pending 
their final disposition, so the matter of energy transmission should 
not be held in abeyance until the question of control is settled. On 
the contrary, the establishment of such a project would require a 
preliminary period of planning and investigation, including a sur- 
vey of the coal and water-power resources of the country with refer- 
ence to the demand for power, and there is no apparent reason why 
this initial activity could not be engaged in at once. In view of the 
importance of the issue, this is not a matter to be referred to one 
side as an incidental piece of work, but belongs properly as a feature 
in the emergency activities of the day. 

NATIONALIZATION OF INDUSTRIAL OPPORTUNITY. 

Power and raw materials constitute the foundations of industry. 
Capital, labor, markets, and other elements enter into the structure, 
but they do not lie at the base. Neither power resources nor raw 
materials are uniformly available; both tend to |)e provincial in 
occurrence; but since industrial power is dominantly drawn from 
coal, while raw materials are derived from a thousand sources of 
organic and mineral origin, the aggregate availability is far more 
restricted in the case of coal. In other words, any given section of 
the country is almost invariably provided with raw material of some 
kind, while under the present regime only those sections contiguous 
to rich coal fields are amply provided with power.* The geographical 
and political consequences of the localized occurrence of coal and of 
concentrated types of raw materials* are obvious and well known. 
The inequalities of opportunity conditioned by these matters have 
alwaj'^s been bones of contention, from the aboriginal strife over de- 
posits of salt and flint down to the action which resulted in the con- 
quest of an iron-bearing province and contributed prominently to the 
recent epoch-making conflict. 

Discord from this source is as old as human history and nations 
have evolved with the placement of their boundaries strongly influ- 
enced by concentrations of resource opportunity. The North Ameri- 
can Continent, however, provides a notable exception to the rule. 
Its vast area was explored and appropriated before its resource 
potentialities were recognized, and hence its various sections came 

> On the Paolflc slope and In the Soutbwent oil takes the place of coal In this respect 
'The orgnnlc raw materials are less signiflcant in this renpect than mineral resourceti 
since the former are reproducable and not so ezcluslyely focossed at specific points. 
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to be unified into a few nationalities on the strength of social bonds, 
which, with one or two exceptions, have nowhere been dissevered by 
subsequent economic influences. Thus the United States is a nation 
of many parts bound together by social unity, but separated by a 
divergence of economic interests. The development of natural re- 
sources has given rise to a marked differentiation in the quality of 
opportunity opening up to the different sections, while the boun- 
daries of the economic provinces set up in this wise are further 
emphasized by a general conformity to topographic features dis- 
favoring intercommunication. Thus this country is displaying a 
steady drift toward economic variation and specialization among its 
members. 

But national well-being is dependent upon economic unity no less 
than upon social unity. The Civil War, in the last analysis, had its 
origin in discordant economic sectionalism. A military expression 
of domestic discord is outgrown, but civil strife is not the sole mis- 
fortune that may arise from cross interests. Without economic unity 
a definite economic policy is nationally unattainable. And with no 
formulated economic policy, one of the two prime functions of gov- 
ernment is reduced to the rank of partisanship, and industry is left 
to the paralyzing influence of uncertainty as regards the future of 
prospective operations. Thus far the divergent economic interests 
of the various sections of the country have not permitted the estab- 
lishment of a constructive economic policy satisfactory to the Nation 
as a whole.^ 

Elements too numerous to specify enter into this sectionalism of 
interest, but the most conspicuous contributor to the outcome is the 
presence or absence of resources productive of mechanical energy. 
Given a region endowed with an ample supply of coal, for example, 
and all the other elements of industrial activity gather in the manner 
of an accretionary growth. Even the crudest raw materials tend 
to be drawn to the sources of energy in greater measure than is found 
true of the reverse relation. Other attractions, to be sure, such as 
labor supply, markets, and transportation facilities register strong 
claims tending to diffuse and spread the focus of development, but 
industrial concentration never migrates beyond the convenient reach 
of power, which therefore sets the outside bounds to industrial range. 
Thus certain naturally favored sections of the country have come to 
have a predominant interest in manufacture, while other sections in 
the role of producers and consumers for the manufacturing areas 
are led to react to motives and economic interests foreign and even 

»Th€ lack of a constructive economic policy in the United StnteB Is more than a nega- 
Ure matter. Tbe deficiency Is responsible for ancta items as a nitrogen problem, a potash 
problem, a manganese problem, and others, which war conditions made apparent — 
to dte merely a few examples In the realm of mineral resources. 
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antagonistic to those of manufacture. Where such a situation is 
permitted to develop in accentuated form, an economic policy satis- 
factory to the two extremes would appear to involve a type of con- 
cord foreign to human nature. 

The influence of energy resources in an unfavorable and favorable 
direction may be illustrated by two examples; one drawn from con- 
ditions obtaining in New England, and the other taken from recent 
industrial developments in the South Atlantic States. 

In New England the foundations of industrialism were laid during 
the regime of water power. With the advent of steam power the 
abundance of coal available to the Middle Atlantic States set up a 
strong counter attraction which entailed a steady migration of indus- 
try away from the New England section, since this area contains no 
coal, and is marked by physiographic conditions which provide inade- 
quate gateways for rail transportation and necessitate a roundabout 
rail-to-water-to-rail service exposed to all manner of exigency.* 
Still, with the advantages of its early start, New England maintained 
a powerful asset in the form of skilled labor, and the weight of this 
factor has overbalanced the lack of an adequate power supply in 
those special forms of industry involving specialized workmanship. 
Thes^ therefore, still prevail and reflect the peculiar color of the 
situation. But in the newer industrial sections elsewhere skill of 
workmanship is in process of development, and is steadily lessening 
the attraction of an advantage which transiently favors New England. 
In time this factor will be practically neutralized, and with continued 
mequality of power supply New England will see its industrial life 
narrowing under the cumulative weight of a growing handicap. 
This is an example, then, of how a natural power supply may create 
a development in one part of the country at the expense of another 
section, a circumstance not making for unity of interest. 

The South Atlantic area resembles New England in respect to 
power resources; coal must be hauled in from a distance and water 
power is fairly abundant. But whereas the industrialism of New 
England is the oldest in the country, that of the South is among the 
youngest. Here, indeed, the growth of industry has been largely 
a matter of the past 15 or 20 years, subsequent, therefore, to the intro- 
duction of electricity as a motive force. In consequence much of the 
upgrowth is built upon the use of hydroelectric power, and tends to be 
distributive — ^that is to say, natural — ^instead of a forced growth in 
proximity to localized coal belts. Coming into action late the indus- 
trialism of the South, unhampered by tradition and unencumbered 
by obsolescent power establishments, took over the practice best 
suited to its needs. Thus while the Northeastern States form an 



^Tbe weakness of New England In this respect was conspicuonsly brought out during 
the war. 
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illustration of centralized industry, establishing itself first in New 
England and migrating later to the Central Atlantic States and thence 
westward, the South displays a regional deployment of industry, 
nowhere intensely focussed, but spread, on the contrary, in diluted 
form over a large area. The contrast is suggestive; for permanence, 
for national well-being, for the common good, it would appear that 
a balanced economic life in which each section manufactures, in large 
measure, its own products is preferable to a highly intensified manu- 
facture setting up its own interests in opposition to the more extensive 
producing areas. The South presents an example of power supply 
disposed to create a normal development from within, with minimimi 
detraction from the opportunities peculiar to other sections.^ 

These are but two illustrations of fields in which power supply is 
a strong economic force. Each section of the country, in point of 
fact, has its own peculiar reflex to this matter. The Pacific coast, 
for instance, has a specialized and acute power problem to meet; 
there the rich oil fields of California launched a period of industrial- 
ism which this source of power can not much longer sustain. The 
industrial life of this whole section is threatened by the impending 
decline of its oil fields. Similarly with the Southwest. The power 
influence, then, is country-wide — ^here throttling established indus- 
try ; . there leading to overbalanced growth ; elsewhere retarding 
needed developments; rarely promoting well-rounded economic 
growth; on the whole, making for divergence of economic interest. 

This situation, undesirable as it stands, is bound to grow worse 
if matters are left to untrammelled evolution. Human labor is mo- 
bile; it is becoming standardized, even nationalized; cheap labor 
locally restricted is disappearing. Thus the factor of labor supply 
is losing its distributive effect upon industry. In consequence, 
the presence of mechanical labor (power) will become an even 
greater centralizing force than heretofore; manufacturing dis- 
tricts will tend to be more strikingly developed than ever. The 
natural tendency, in short, will be toward the building up of cen- 
tralized industry enjoying monopolistic advantages of power sup- 
ply, a condition in itself constituting a restraint in respect to the 
adequate unfoldment of other industries beyond the reach of the 
favored source. 

Such an interplay of economic forces is complex and proclivities 
can not be expected to travel far undeflected by new conditions, but 
whatever the uncertainties of the matter, the power situation merits 
attention in respect to its present untoward bearing on economic 
policy. If a constructive economic policy is desirable for this coun- 
try, and if the conclusion is valid that the power supply represents 

^ The Government project at Muscle Shoals may proye to be a disturbing factor in the 
present distribntire unfoldment of soiitbi^rn Industry. 
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a force now working against the unification of economic purpose 
into a national policy, but capable of direction toward such an out- 
come, the whole matter becomes a fundamental issue which may not 
be ignored. In short, a coordinated and balanced development of 
the coal and water-power resources of the country, which will fol- 
low from the establishment of an adequate common-carrier system 
of transmission lines, will serve to equalize industrial opportunity 
and therefore to unify the economic interests of the country so that 
a constructive economic policy aggreable to all sections may win 
country-wide support.^ 

But in addition to its bearing upon national policy, a distribution 
of power advantages will make for an indirect but very significant 
gain in the matter of transportation; for industry may then strike 
a more perfect balance between the location of raw-material sources 
and markets. As the matter now stands, the adjustment is a com- 
promise between three main factors, of which the position of the 
fuel source is dominant, and the industrial centralization resulting 
is in considerable measure responsible for the ^^bottle-neck" re- 
strictions in the transportation layout of this country — a pattern 
that has become a conspicuous source of transportation weakness 
during the past year. The nationalization of industrial opportunity 
through equalized power supply will permit the upgrowth of .new 
industrial activities in positions which will impose a lessened rela- 
tive burden upon the railways and diffuse the intensification of 
responsibility that is now bearing with growing force upon the 
necklike restrictions in the neighborhood of present industrial cen- 
ters.* 

ENLARGEMENT OF INDUSTRIAL OPPORTUNITY. 

We have seen that power supply constitutes a strong attractive 
force, leading under natural conditions to marked industrial concen- 
trations in certain parts of the country. The unfavorable bearing of 
this circumstance upon the attainment of a national economic policy 
is noteworthy and constitutes an argument for directing the section- 
alizing force of power supply into more distributive channels than 
it seeks of its own accord. The most effective means toward a better 
balanced industrial growth in this respect is afforded by electricity, 
which lends itself to generation at fixed points in coal regions and at 
water-power sites, and to transmission thence to adjacent areas in 
such manner that, if the growth as a whole be properly shaped, a 



^ In ft MDse we come here upon one of tboae circles which so often block prom*! 
ft construct Its economic policy Is esnentlal to s proper development of the power supply ; 
such ft policy is hindered from coming Into existence by the present hsphftSftrd status of 
the power supply with Its contribution to economic sectlonsltsm. 

'The gftlns In Inland waterway transportation and In western Irrigation thftt would 
come fts Incldentftis In ft broftd development should not be overlooksd. 



. S. NATIONAL MUSEUM BULLETIN 102. VOL. I PL. S. 



POWEB. 139 

much larger portion of the country may be served with power on 
terms of equality than is now the case. Thus can power be turned 
away, in considerable measure, from its present dangerous facility in 
accentuating divei'sity of economic interest and made to contribute to 
the nationalization of industrial opportunity. 

But just as coal contains valuable commodities as well as stored- 
up energy, so electricity is not merely a convenient form of power, 
but is a new and profoundly important chemical agent as well. In 
this sense electricity represents a fresh industrial factor which is just 
beginning to come into play and bids fair to make for itself a master 
range of activity. Electricity, then, is not only capable of distribut- 
ing industrial opportunity; it is competent at the same time of in- 
finitely enlarging the scope of industrialism. The opportunity in 
this direction is so significant and has so recently become apparent 
that the field merits a close view in connection with the whole matter 
of power supply. 

This field of special electrical service, in contradistinction to the 
application of electric energy as a motive force, is covered by the term 
" electrochemistry," which is the art of applying electrical energy to 
the furtherance of chemical operations. The aptness of electricity 
for this purpose has proved so great that in scarcely more than a 
decade there has developed a large number of electrochemical indus- 
tries, in addition to a growing range of superior adaptions in estab- 
lished industries and in the realm of metallurgy, with the setting up 
of a new branch of the latter known as electrometallurgy. Thus 
electrochemistry has not only facilitated ordinary mdustrial activi- 
ties in many directions; it has opened an unbounded territory never 
before traversed by industry. 

The facility of electricity in this new realm is due to its capacity 
for generating heat under conditions open to exact control, over 
high temperatures not attainable by fuel combustion, and in absence 
of gases, together with the exertion of a chemical force of decompo- 
sition independently or in conjunction with the heating effect. Thus 
electrochemistry operates through its dissociating effect upon solu- 
tions and melts, a process technically called "electrolysis"; through 
discharges in gases; and by means of electric furnaces. Upon these 
operations depend the manufacture of alkalis, chlorine, atmospheric 
nitrogen, graphite, artificial abrasives, and calcium carbide; the pro- 
duction of aluminum and many of the steel -hardening metals; and the 
refining of gold, silver, and copper — ^to mention merely the most con- 
spicuous attainments of the electrochemical art. 

The achievements of electrochemistry to date are to be credited 
mainly to the region around Niagara Falls and to foreign countries, 
especially the latter. Elsewhere in the United States there are rela- 
ti velv few electrochemical activities. Such as have been established are 
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in the vicinity of choice water-power sites or, as in the case of recent 
atmospheric nitrogen fixation plants, subsidized by the (}ovemment. 
But, by and large, electrochemical industries are grossly undeveloped 
in this country, relative both to their intrinsic importance and to their 
upgrowth abroad; and while a considerable expansion has resulted 
under the stimulus of war prices, the course of progress is under, the 
handicap of power costs running far in excess of what is offered in 
Canada and abroad. Since power is a large item of expense in most 
electrochemical activities, its high cost in the United States is not 
only preventing development, except along specialized lines of high- 
value small-bulk products, but is causing an emigration and settle- 
ment of such industries in other countries offering a more genial 
atmosphere of power costs. Not only this, but the tide of emigra- 
tion is actually affecting the industries already established at Ni- 
agara Falls. On the whole, then, counting off war-time exuberance, 
our electrochemical industries while growing in an absolute sense 
are relatively stationary, if not actually retrograding. That is to 
say, our electrochemical needs are growing faster than our electro- 
chemical industries, which means that an increasing dependence 
upon foreign developments is under way. 

If the high cost of electric power in the United States is blocking 
adequate electrochemical developments, we should take time to ex- 
amine the scope of the fields that are being retarded by this circum- 
stance. Such a retardation, of course, is difficult to visualize, for its 
most important area consists of what has not been accomplished; 
or, rather, of the margin between current and possible attainments, 
so far as determined by conditions of power supply. Yet the pros- 
pect can be swept, even though we may turn aside before coming 
up with it. 

In the realm of metallurgy, electricity opens to use a number of 
metals not commercially extractable from their ores on any other 
terms. The most conspicuous example is aluminum, which was a 
chemical curiosity until thus made available; but such metals and 
elements as magnesium, calcium, sodium, potassium, cerium, and sili- 
con are also coming into prominence, although the applications of 
these newer additions are still in their infancy. It is not unworthy of 
note, although the bearing of the fact may not become conspicuous 
for many years, that electrometallurgy offers a means for turning the 
more common and leaner mineral materials to account when the ex- 
haustion of the rather limited and rich concentrations heretofore ex- 
ploited shall have been accomplished.^ For the manufacture of a 

1 In thit connection it may be recalled that the valuable elementa available solely by 
electrochemical meane coDstitute nearly half of the earth's crust, while such useful 
elements as copper, lead, sine, silver, nickel, tin, and the like, available before the advent 
of electricity, comprise together less than 1 per cent This takes no account of the 4| 
per o(»nt of Iron present, but electro-smelting may come to represent the only means tor 
handling the lean occurrences of this metal. 
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great number of metallic alloys, such as f erromanganese, f errochro- 
Diium, ferrotungsten, and others needed to give to steel the various 
special properties demanded by its many applications, electric power 
is essential, while for the production of iron and steel the use of 
electricity is finding a growing application. Indeed, many ^^ metal- 
lurgists in active practice in the United States are convinced that the 
time is rapidly approaching when all steel made will be passed 
through the electric furnace to receive its final refining and its finish- 
ing touches. We may safely look forward to the establishment of 
not only hundreds but possibly thousands of electric steel furnaces."^ 
In the metallurgy of copper, zinc, and tin electricity is coming into 
play, while in the refining of metals it is affording the means for 
recovering many constituents formerly going to waste, in addition to 
producing products of such purity as to open up new uses not pre- 
viously enjoyed.^ The United States is the greatest producer of 
metals in the world, and proper electrical-power development will 
give a great impetus to the advancement of the mineral industries. 

No problem is more fundamental to any coimtry than the matter 
of food supply, and electrochemistry has a very direct bearing in this 
respect through its promise of lending assistance in producing fer- 
tilizers. Of the three important fertilizing materials — ^nitrogen, 
phosphorus, and potassium — ^nitrogen may be drawn from the atmos- 
phere by the expenditure of electrical energy; cheap electrical power 
offers an immediate means for doing away with the cumbersome 
method of converting phosphate rock into acid phosphate, with its 
consequent burden upon transportation and upon sulphuric acid 
manufacture ;' while the locked-up stores of potash held in unlimited 
amount in widespread areas of silicate rocks must eventually be 

^J. W. Richards, Electric furnace metallurgy, Proc. Second Pan American SdentlAc 
Congress, toI. 7, 1917, p. 265. 

' The United States Bureau of Mines has recently announced the perfection of an 
electric smelting furnace that may be revolutionary In the making of brass. The use of 
this furnace will replace costly crucibles of Imported clay and graphite and reduce the 
losses incidental to the older process by an amount estimated at $3,000,000 a year in 
normal times and perhaps 110,000,000 a year In war times, besides contributing more 
healthful working conditions. Such announcements are suggestive of the tremendous 
latent possibilities in the field of electrometallurgy. 

*The Bureau of Soils of the Department of Agriculture, in cooperation with the 
B. B. Davis Co., of Hoboken, N. J., has recently conducted Important experiments In this 
field, with results published by J. N. Carothers in the Journal of Indastrial and Engi- 
neering Chemistry, January 8, 1018, and subsequently enlarged upon by W. H. Wagga- 
man and C. B. Wagner in the May, 1018, Issae of that Journal. It is found that the 
manufacture of pure phosphoric acid from high-grade phosphate rock at the mines 
by means of an electric furnace comes to about |66 a ton of available phosphoric 
add, which Is some $12 higher than the cost of an equivalent availability in the form 
of add phosphate as conventionally made by treating high-grade phosphate rock with 
sulphuric add. But by manufacturing phosphoric acid from mine-run phosphate rock, 
thus eliminating part of the mining cost (and Incidentally greatly enlarging the yield of a 
deposit), and treating high-grade phosphate rock with the phosphoric acid so produced, 
a double superphosphate Is obtained containing three times as much phosphoric add 
as ordinary add phosphate and at a cost of around $46 a ton of available phosphoric 
add. In the process the item of power amounts to roughly two-thirds of the total 



142 BULLETIN 102, VOL. 1, UNITED STATES NATIONAL MUSEUM, 

drawn upon and presumably with the help of the electric current.^ 
It is scarcely too much to say that the fertilizer industry in the 
course of a decade or so will undergo a radical change, in which im- 
portations of Chilean nitrate, German potash, and Spanish pyrite 
will be a thing of the past. But the course of progress will depend 
very much upon the conditions surrounding the supply of electrical 
power in this country; this matter will determine the speed of ad- 
vancement and reflect in some measure in this respect upon the cost of 
living. 

In the field of manufacturing, electrochemistry occupies a unique 
place. It has already created a number of products of fundamental 
usefulness, while the latent opportunities for the future are very 
great. The development of artificial abrasives, especially carborun- 
dum, superior to natural abrasives, has greatly facilitated many 
processes of mechanical manufacture, such as the making of automo- 
biles, ordnance, and other materials; the production of calcium car- 
bide has made the acetylene lamp possible, with inestimable benefit 
to thousands of mines the world over, which have thus been freed 
from smoky oil lamps and flickering candles; and the manufacture 
of artificial graphite is rendering a useful service as a lubricant 
in conserving energy. These products, which are of much greater 
significance than may be measured by the pecuniary value of the 
output, have all been developed at Niagara Falls as result of the 
abundant electric power earlier available there and are made from 

cost of the flnlibed product. Thla goes to show tbat while under present conditions the 
process verges on being a commercial proposition, an appreciable reduction In the cost 
of power, even under post-war conditions of cheaper sulphuric acid, would bring the 
electric-furnace method Into competition with the old acid process. The gain In trans* 
portation accruing from the shipment of a commo<ilty of three times the present concen- 
tration and the enlargement In the pliosphate reserve made possible by bringing into play 
phosphate rock containing more than 8 to 4 per cent of the combined oxides of iron and 
aluminum (material not usable In the present add process) commend the whole matter 
to careful consideration. It shonld be remembeied. too, that of fertilizing materials 
phosphoric add appears to be the only one which, from present knowledge, is absolutely 
limited In amount and therefore demands unusual care In Its utilisation. 

^ ** With respect to the necessary supplies of plant foods other than nitrogen, it has 
not as yet been seriously considered to utilise electric power, but, speaking to electrical 
engineers, I can say that the extraction of potash from feldspathlc and granitic rocks 
by electrolysis presents by no meana an Insoluble or even, in my opinion, a difficult 
problem. It Is perhaps the easiest way that has been as yet proposed to artificially obtain 
potash, which only awaits cheap enough power to become a reality. I need only remind 
you that in the silicate rocks of which our mountain ranges are composed, there He 
dormant untold billions of tons of potash, to show that when the proper time comes 
we will not want for raw material. On this special topic I am well Informed, for I have 
made a close study of It In the laboratory and In the field for many years.** (A. S. Cush- 
man. Water-power development and the food problem, Proc. Amer. Inst. Electr. Eng., May, 
1916. p. R47.) Since this was written, as noted above, the electric-furnace production 
of phosphoric add has almost become a commercial possibility — so rapid is progress In 
such matters. Also, part of the potash even now being produced In the United States 
is precipitated from waste fumes from cement plants and blast furnaces by means of the 
discharge of an electric current. Thus the statement above bids fair to be realised. If not 
literally, at least through the by-pioduct recovery of potash by means of the elertric 
current. 
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raw materials of the commonest and cheapest kinds, such as sand, 
lime, coke, and others. Further products, too numerous to specify, 
are being commercially launched or are in the experimental stage in 
the works and laboratories of that electrochemical center. An im- 
portant industry has also developed in the electrolytic manufacture 
of sodium and chlorine, and their numerous compounds, used in 
large quantities in a wide variety of other industries, which are 
made from common salt — a widespread and cheap material. It 
would appear that one striking characteristic of electrochemistry 
is its ability to convert into useful products the commonest and 
cheapest of everyday materials. It holds forth in this sense the 
prospect of the highest type of constructive economic service. 

On the wholef then, electrochemical industries and applications 
have developed in the United States to some extent in spite of high 
electric-power rates, but the lines of development have been those 
in which the advantages to be gained were conspicuous and the opera- 
tions have been largely confined to Niagara Falls. In the vaster 
range of possibilities, in which the opportunities were not so out- 
standing, high rates and lack of available power have been suffi- 
cient to head off an incalulable range of prospective enterprises, to 
the country's serious economic loss. Indeed, if electric power were 
made available in quantity at rates half the prevailing tariff, the 
upgrowth of electrochemical industries would overwhelm the previous 
attainments along this line.^ 

The whole field of electrochemical development in the United 
States is dependent in the last analysis upon the quantity and price 
of electric power. And in both respects the power situation as it 
now stands is inadequate. Unless we are prepared to see the electro- 
chemical industries which we now have emigrate in part to foreign 
countries, and unless we are also willing to face a stagnant condition 
in respect to a wide range of important industrial developments, 
the whole matter of our power supply must come up for attention. 
This matter does not concern one section or one class; the field is 
countiy wide; the outcome concerns both industry and the public 
interest. And labor in particular will find a concern in this affair, 
for only by cheapened mechanical power can a generous rj^te of 
human compensation be sustained in the face of cheaper labor, both 
human and mechanical, on the European market. 

SUMMARY. 

Modern society is dependent upon industrialism, the material 
framework of civilization. 



* There is a srreat stir in the South at present over the prospects of a great electro- 
chemical industry growing up wttbin the reaches of the Government nitrate plants at 
Muscle Shoals, Alabama. The price of power will, of course, be the critical factor con- 
ditioning the outcome. 
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American industrialism differs from the industrialism of other 
nations in two respects; it places unusual emphasis upon the em- 
ployment of power and it couples an advanced industrial develop- 
ment, which means a high standard of living, with a vast expanse of 
territory. 

Each of these conditions imposes a special demand upon trans- 
portation, and the two combined have given rise to transportation 
difficulties that are threatening to throttle the economic life of the 
country. 

If unrelieved the situation will entail a deterioration in the stand- 
ard of living.^ The effects of a lowered living scale so caused will 
not fall evenly the country over, but may be expected to be selective 
to the disadvantage of unfavored sections, with the setting up of 
economic discord and sectional dissension in the place of national 
unity. 

The issue can not be adequately met by furthering the develop- 
ment of the railways alone, for already this type of carrier has 
been pushed to such a point of overdevelopment as to constitute a 
critical weakness in the economic structure of the country. The 
source of the disqualification lies not merely in the sheer magnitude 
of the responsibility which the railways support, but also in their 
notably inferior elasticity in respect to industrial expansion as com- 
pared with the processes of manufacture. The power supply is the 
chief single contributor to both conditions of default. It not only 
comprises, mainly in the form of coal, more than one-third of the 
total freight of the country, but the dependence upon freight-hauled 
fuel on the part of an expanding industrial activity places an over- 
weight of burden upon transportation by virtue of the fact that 
coal, raw materials, and finished products represent three additional 
units of haulage to be reckoned with for every added unit of pro- 
duction.* Hence the logical way to correct the transportation unfit- 
ness of this country is to attack the matter through improvement in 

power usage. 

Three principles of transportation underlie industrial growth, and 
industrial activities in general conform to their prescriptions as a 
matter of course. These factors are represented in (1) the employ- 
ment of suitable facilities for the task of transportation, (2) the 
advance elimination of superfluous weight, and (8) the full utiliza- 
tion of the material transported. These conditions are seen to be 
the merest common sense; illustrations of conformity with them 
are on every hand; in the matter of power alone they have been 
utterly disregarded. In the working out of these principles, national 
experience has shown (1) that a transportation system of country- 

« The BltuAtion. as a matter of fact, is already displaying Its ability in that direction. 
> See pages 106, 107 for the necessary qualiflcations. 
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wide scope serving a conmmnity interest must be of a common- 
carrier order subject to public oversight — such has been the lesson 
of the railways; (2) that in the realm of production, which has to 
do with the advance elimination of superfluous weight, competition 
is desirable and should be as unhampered as possible; and (8) that 
in the field of manufacture and consumption the attainment of full 
utilization stands in need of constructive help, that here competi- 
tion unaided is incapable of employing to full effect the principle 
of multiple production. Applying these conceptions to power we 
find that the situation is at fault, because (1) there is no common- 
carrier system for the transmission of energy, although the develop- 
ment of electricity permits the power materials to be freed of weight 
at the source and enables the energy of water power to be utilized ; 
(2) the presence of the railways, in the absence of special facilities 
for electric transmission, has prevented competition from becoming 
effective in the direction of the advance elimination of weight ; and 
(8) the failure of this country to recognize the principle of multiple 
production and vitalize its latent force has held private initiative 
impotent to use fully the energy materials provided. 

The righting of the power situation requires (1) the establishment 
of a comprehensive system of electric transmission lines to be ad- 
ministered as a oonmion-carrier system like the railways. (2) The 
provision of such a system will necessitate the coordinated growth 
of central power stations in coal fields and at water-power sites, and 
in doing so will open to business enterprise a tremendous field of op- 
portunity hitherto closed off from entry, and thus lead to the bal- 
anced development of the two major energy resources. (8) The 
principle of multiple production, recognized and incorporated in 
national policy, will supplement the additional service gained 
through the organized employment of the electrical principle; ap- 
plied to the production of coal-generated electricity, and, through the 
medium of municipal public utility plants, to the distributive employ- 
ment of coal, this principle will effectively correlate the recovery of 
the commodity and energy values, so as ultimately to effect a full 
saving of the former and an increased gain of the latter, thus per- 
mitting a further relative diminution of the amount of fuel calling 
for transportation in bulky form. The first two points reduce them- 
selves to a single issue, which is purely a business proposition to be 
handled by a business organization ; the third item is more intangible 
and it is matter of policy, which, therefore, can not be delegated or 
otherwise handled in objective fashion. 

The provision of a common-carrier system of transmission lines, 
in brief, is the key to the whole problem. Its establishment will re- 
move the retarding influence of high interest rates and antagonistic 
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misunderstanding that has blocked water-power development, and 
will afford the point of departure from precedent in favor of coal- 
field generation of electricity. Owing to the magnitude of tlie issue 
and the manifold lines of progress directly at stake, the development 
will provide a nuclear point for the establishment of a constructive 
economic policy, needed not merely for the full development of this 
field but as well for the proper unfoldment of the industrial possi- 
bilities of the country in general. As such a policy has not developed 
in the past because of economic sectionalism growing chiefly out of 
an unequalized development of the energy resources, the nationaliza- 
tion of industrial opportunity attainable through a balanced develop- 
ment of power supply will clear the path of the main obstruction to 
unified action. 

Thus specific action in respect to establishing a common-carrier 
system adapted to the power needs of the country will not only go far 
toward solving the problem of transportation, but it will improve the 
fuel supply, correct the economic fallacy of drawing upon capital 
resources while neglectful of income, contribute to the recovery of 
the values now lost in the consumption of raw coal, lead to an ade- 
quate development of electrochemical activities, cut off a needless 
annual expenditure running well beyond the billion dollar mark, and 
constitute a potent contribution in the direction of stimulating tlie 
upgrowth of a constructive economic policy of national scope attuned 
to the needs of modem industrial development 



PART IV. 

GENBRAL SUMBIART. 

STATEMENT OF THE ENERGY SITUATION. 

Coal, oil, and water power are the principal sources of energy 
in the United States. Though commonly regarded separately^ 
they really constitute a single resource group which provides the 
energy essential to modem conditions and contributes conmiodities 
of growing importance besides. Two-thirds of the energy extracted 
is consumed as power in doing the work of industry and transpor- 
tation, while the balance is devoted to the production of heat and 
light and to the furtherance of chemical work. The commodity 
values held in coal and oil, while having an important and growing 
bearing upon modem needs, are largely ignored. Not only is the 
industrial, civic, and domestic life of this country utterly dependent 
upon the energy materials, particularly coal; but the production, 
transportation, and distribution of these essentials constitutes a 
prominent aspect of the country's activity. Thus 700,000,000 tons 
of coal, 350,000,000 barrels of petroleum, and 6,000,000 horsepower 
of hydroelectricity represent the annual numerical measure of the 
field; over a third of the freight of the country is coal; the smoke and 
grime of cities is unbumt fuel; more than a million men are engaged 
in the mining of coal and oil alone. 

The energy supply of the United States has given considerable 
trouble during 1917-18. This is commonly attributed to the ab- 
normal conditions created by the war. But a careful analysis of 
the whole situation indicates that all the faults felt acutely during 
the war were present in the situation before that period, to- 
gether with others yet to be appreciated. The war produced no 
new issues in this field. The situation was unsound before the 
coming of war. A serious fuel shortage affects the country to-day. 
With the resumption of normal demand, normal labor conditions, 
and normal railway transportation, this country will still face a 
critical problem in fuel and power. It is scarcely too much to affirm 
that the established method of supplying the energy needs of the 
country has permanently broken down. 

Can this country continue to rely almost exclusively upon the 
railways for its supply of energy ? Coal alone now engages nearly 
half the freight capacity of the railways. Can the cities and homes 
of the country afford to turn to bituminous coal with its smoke and 

147 
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dirt for their fuel dependency! Anthracite is fast becoming a 
luxury. Is the public ready to curtail the use of automobiles and 
motor transport within the next few years because of the rising 
cost of gasoline ? The petroleum resource is already showing signs 
of exhaustion. Is it wise for this country to ignore its water-power 
resources ? Under present conditions water-power sites, with choice 
exceptions, can not be developed. If we are prepared to answer 
these questions in the affirmative the whole matter may be dis- 
missed. Otherwise, the present situation must come up for revision. 

These are the most immediate points of practical contact with the 
energy problem. They all involve issues of the day — transporta- 
tion, domestic fuel, motor fuel, water power. But these are not all. 
What are the civic losses due to smoke ? What of. the values going 
to waste when raw coal is burned? Can these be saved and made 
to contribute to a lowered fuel cost? What are the chances of 
building up a large coal-products industry in this country? Has 
chemistry as yet wrested its full count from coal tar ? What will we 
miss by not cultivating this field? Can coal solve our nitrogen 
problem? What are the by-product possibilities in petroleum? 
What will the far west do for fuel when its oil supply begins to run 
out ? Why is hydroelectric power much cheaper in foreign coimtries 
than in the United States? What bearing will this have upon the 
upgrowth of electrochemical industries? What can we save by 
reconstructing our energy situation? And what can we gain in 
addition to what we save? Can the United States afford to ignore 
this field in view of what is being done in this direction abroad ? 

These matters are pressing forward for attention. They are all 
involved in the single problem of our energy resources. This study 
has sought to face these questions squarely and to record the 
answers that the resource group itself provides in the light of modem 
technological attainments and current economic practice. We have 
a certain but bountiful measure of material resources; the amount is 
fairly acctirately known. The aggregate of scientific knowledge 
bearing on the utilization of these resources is considerable; progress 
here is rapid and the field responds readily to cultivation. The 
employment of the energy resources is now directed by certain types 
of economic institutions and procedure; some are satisfactory, 
others can be made so upon modification. Here are the three factors 
in the situation — ^resources, technology, economic procedure. The 
resources are material things, with limitations fixed by the laws of 
physics, chemistry, and geology. Technology is a human product, 
limited only by the genius of man; thus far in the history of the 
world it has developed largely in response to specific needs; its 
power as a broad force, to be mobilized and directed to a given end, 
has scarcely yet been tried; heretofore it has been a tool in the 
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hands of business enterprise; as an agent for social service, for the 
common good, its attainments lie chiefly in prospect. Economic 
procedm^e is an establishment of precedent; it is the method whereby 
technology is brought to the development of resources; it tends to 
become standardized, whereas technology is constantly advancing; 
it 19 far more inflexible than technology; in the realm of energy 
usage it is far out of adjustment with the resource facts and the 
status of technology. There needs to be better coordination be- 
tween resources, technology, and economic procedure. The eco- 
nomic procedure whereby energy is brought into play in the United 
States is mainly a product of a period when the nature of the energy 
resources were imperfectly known and the technology of energy 
employment was crudely developed. 

The employment of the energy resources involves three progressive 
stages — ^production, transportation, and utilization. We may ex- 
amine coal, oil, and water power in turn in respect to their status 
imder each of these heads. 

The production of coal^ ia wasteful because of the abundance 
of the resource. This has led to excessive competition, overdevelop- 
ment of the resource, and the offering of coal at the mine at a price 
unduly low. Under these circumstances only easy-to-mine coal 
can be extracted at a profit. In consequence, also, improvements 
in methods of mining are slow of introduction and means for storing 
coal have not been developed. The supply of labor is not equal to 
the capacity of the developed mines, hence a labor shortage always 
develops in periods of prosperity, when the demand for coal suddenly 
increases. Since less than 1 per cent of our coal supply has been used, ' 
it is hard to arouse any interest in wastes resulting from inadequate 
methods of coal production. 

Transportation is the weakest link in our coal supply. Coal is 
over a third of the coimtry's freight; the mining of coal is dependent 
upon an unbroken movement of coal cars past the mine mouths; 
the number of coal cars has never been equal to the full capacity of 
the developed coal mines. With every period of industrial prosperity 
a car shortage is bound to result. Moreover, as result of the size and 
industrial status of this coimtry, the railways have a sufficient 
responsibility without the carriage of coal. The haulage of much of 
the coal respresents waste effort since the energy can be extracted 
in the coal fields and transmitted over wires in the form of electricity. 

Present utilization of coal involves a very low recovery of the energy 
content and an almost total loss of the commodity values present. 
This, of course, necessitates the production, transportation, and 
distribution of a much larger quantity than would otherwise be 
required; concentrates the whole cost, in respect to the consumer, 

I The statements of this paragraph do not refer to anthracite, the mining of ^^oh is satisfactory. 
70968^—19 ^BuU. 102, vol. 1 11 
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upon the modicum of energy extracted; requires the imports of 
materials which might be manufactured from the non-energy com- 
ponents; holds back the development of latent possibilities in coal 
products; besmears with dirt and smoke an imtold wealth in civic 
improvements.* 

The production of petroleum involves a higher proportion of 
waste than is found in coal mining and with far more serious conse- 
quences, because the supply is rapidly approaching exhaustion. 

Less than half of the oil tmderground is raised to the surface, and 
there is a gross overproduction which prompts the surplus to be waste* 
fully used. The small-unit, competitive methods of mining followed 
for the most part, are entirely out of adjustment with the occurrence 
of the resource. The migratory character of oil, tmder these condi- 
tions of exploitation, necessitates a hasty, careless extraction; 
efficient engineering practice is impossible. 

The transportation of petroleum makes use of an extensive system 
of pipe lines and is satisfactory. 

The utilization of petroleum is satisfactory in respect to the portion 
fully refined; the rest, ol course, is devoted to low and wasteful uses 
to create an outlet for the surplus production. The by-product 
possibilities held in petroleum have not been sufficiently cultivated. 
Fuel oil and crude petroleum are used rather extensively in place of 
coal and hydroelectricity , but this is due to the general overproduction 
of petroleum which makes this intrinsically more valuable substance 
a temporary competitor. 

Only a small fraction of the water-power resources of the country 
is developed. This is due to the abimdance of coal and oil, on the one 
hand; and the high rate of interest demanded by capital in respect to 
hydroelectric developments, on the other, with complications growing 
out of public sentiment and legal restriction as regards water-power 
rights under Federal control. 

* The transportation of hydroelectricity, so far as it is produced, is 
satisfactory. The lack of a common-carrier system for the trans- 
mission of electrical energy contributes to the imdevelopment of 
water-power sites by necessitating the generating project to provide 
its own transportation. An analogous situation would arise if a 
coal-mining project had to capitalize a private railway to its market. 

The utiUzation of hydroelectricity is satisfactory. Of course it is 
underused, to the cost of coal and oil, but that goes back to lack of 
production. 

i The Prime Minister of England is quoted as sajrlng: "In times of peace ooal Is the most important ele- 
ment in the industrial life of the country. In peace and In war King Coal Is the paramount lord of Industry. 
It enters into every article of consumption and utility. It is our real international coinage. We buy goods 
abroad— food and raw material. We pay not in gold, but in coal. In war it is life for us and death for our 
enemies. It not merely fetches and carries for us, it mdket the material and the machinery which it trans- 
ports. It bends, it molds, it flUs the weapons of war. Steam means coal. Machine guns mean ooal. 
Cannon mean coal. Shells are made with ooal. The veiyezploBiyes inside them are coal. Then coal carries 
them right in to the battle field and to help our men. Coal is everything to us and we want more of it to 
win victory. Coal is the most terrible of our enemies and it is the most potent of friends." 
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Groing over the preceding summary of the energy situation and 
drawing out the more significant defaults, the points around which 
center the various more specific troubles, we find that (1) there is 
excessive competition in coal mining; (2) inadequate transportation 
is provided for coal; (3) the distributive manner in which coal is used 
involves too much inconvenience and waste, especially for the 
domestic consumer; (4) the economics of oil mining is out of adjust- 
ment with oil occurrence; (5) water power is underdeveloped because 
of the financial status of power-site developments. In attempting 
to bring the whole complicated energy situation down to a few, 
concrete, practical issues which may find attachment to our current 
machinery of national administration, we may set to one side the 
matter of coal production. Not that this is unimportant, but the 
other matters are more ixnmediately important and may gain in 
popularity by being to divorced W L item, the co^ection of 
which might involve a step that this country may not yet be prepared 
to take. Moreover, coal production may be improved indirectly 
through provisions in respect to transportation and utilization. It 
were better, then, that the four more immediate issues should stand 
together and apart from the matter of coal conservation. 

Looking at the situation reduced to these heads, we find that coal and 
water power overlap in respect to the provisions of industrial energy 
(i.e., power), leaving a portion of the coal to apply to domestic needs 
under the head of domestic fuel; while oil, by virtue of its specialized 
service, still stands apart as distinctive, though not wholly immeshed 
from the general situation. Thus the default of coal in respect to 
transportation and the default of water power in respect to production 
are fundamentally parts of a single issue concerned with the supply of 
industrial power; ^e wastes in the utihzation of coal concern pri- 
marily the domestic consimier and his methods of employing fuel; the 
inadequacy in oil remains still a matter of improper production. 
These three issues are beheved to lie at the base of the entire energy 
situation. If we set aright the power supply through a proper 
development of water power and the provision of adequate trans- 
portation for coal, arrange for an economical supply of smokeless 
fuel for domestic use, and correct the glaring wastes in respect to 
petroleum growing out of the present methods of production, we will 
have taken the most important steps essential to the proper function- 
ing of our energy resources. 

PROBLEM OF POWER SUPPLY. 

Under present conditions the power supply of the country is 
provided chiefly in the form of coal, with fuel oil the mainstay in 
sections distant from coal fields, and water power drawn upon 
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here and there where conditions are favorable to its development. 
The coal applied to the production of power amounts to a half biUion 
tons, and is hauled chiefly by the railways to its multitudinous 
points of use, although as much as a quarter of the supply is in many 
instances there turned into electric power. This method of using 
coal power imposes a tremendous burden upon the railways, leading 
to cong^tion and shortages in periods of business prosperity when 
the demand for coal enlarges and the amount of other materials 
claiming transportation at the same time increases. The use of 
fuel oil and crude petroleum for purposes of steam raising and the 
like, which is considerable and represents over half of the total 
consumption of petroleum and its products in point of bulk, sustains 
a gross overproduction of petroleum, and in consequence contrib- 
utes markedly to a premature exhaustion of the resource, with 
initial effects already in sight. The relative lack of employment 
of water power adds to the overburden falling upon transportation 
in respect to coal, not to mention its bearing upon the portion of coal 
and oil used to support the delinquency on the side of water power. 
It, moreover, leads to an unnecessary centralization of industry 
with undue differentiation of economic interest, as is apparent in 
view of the complementary distribution of coal and water power. 

Industrialism has grown up upon the basis of the distributive use 
of coal. The economics of the situation rests in this status, although 
the technology of power usage has advanced beyond this state. 
Power stations centralized in respect to the coal fields and distribut- 
ing electrical energy to the points of utilization represent the most 
economical method of coal-power usage. Apparently such a devel- 
opment has not promised to be profitable to private enterprise, 
otherwise we would have it. The development is technologically 
feasible. The lack is due to the fact that the common-carrier sys- 
tems of the country are equipped for carrying cooZ, not for carrying 
energy. Hence industrial enterprises find it more profitable to pur- 
chase coal hauled by the railways than to provide themselves with 
special facilities for the transmission of electricity. The railways, 
also, have not gone into the matter; hauling coal has been one of 
their most important and profitable items of freight, which they 
have been loath to give up; moreover, they have been subjected to 
a type of Federal control in respect to rates such as would make 
them stand to lose the benefits of economies in this direction. 

Although hindered by legal restrictions growing out of a public 
sentiment that disfavored any action savoring of commercializa- 
tion in respect to scenic beauty, water power has not developed 
because of the high cost of money demanded by current financial 
conditions for water-power projects. Since three-fourths of the 
running expenses of a hydro-electric plant is interest money on the 
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heavy investment consequent to development; an interest rate of 
8 to 10 per cent as obtaining in the United States places water 
power above competition with coal and oil mider their present cir- 
cumstances of overproduction and cheap supply. Such power 
sites as have developed, aside from those initiated by the Govern- 
ment imder war conditions, have been choice examples with such 
natural advantages of topography and location as to offset the 
financial handicap. With no change in financial status, water power 
can not develop until coal and oil are skimmed of their cream. In 
the case of oil, this is impending, and in the far West but a few years 
distant, there merely waiting upon the decline of the California 
oil fields. 

The provision of a common-carrier system for the transmission 
of electricity will remove the factor now retarding the generation 
of carboelectricity * in coal fields. It will also relieve hydroelec- 
tricity of part of its development expense ' and also reflect a degree 
of stability upon hydroelectric projects that will secure for them 
an interest rate comparable with that under which the railways are 
financed — ^namely, 5 to 6 per cent instead of 8 to 10 per cent. This 
will bring a considerable addition of water power into competition 
with coal and oil. 

As the main default in our present system of power usage is trans- 
portation, and both carboelectricity and hydroelectricity can be 
remedied through an improvement in transportation, the further- 
ance of this matter attaches itself to die administration which has 
railway transportation in hand. The idtimate status of the matter 
will fare alike with the ultimate status of the railways. But at 
present, a special business organization for imdertaking this special 
activity is desirable, to be brought into being by the Grovemmenti 
ultimately to be either imder Federal ownership or else under pri- 
vate control with Federal oversight, as the outcome of the railways 
may dictate. The Federal backing, in either event, will give the 
requisite standing and stability to create the public confidence essen- 
tial to the success of the enterprise. The organization charged 
with this matter will naturally confine its operations to the trans- 
portation of energy, but as this development will open to business 
enterprise a large and favorable field in the production of carbo- 
electricity and hydroelectricity, it may fairly exercise a measure of 
oversight over the operations of these various producing units to 
the extent of insuring a balanced, coordinated upgrowth and effective 
operation of the whole matter, at the same time avoiding the impo- 
sition of any restrictions which might curtail private initiative and 
enterprise. In this sense, also, the central organization would find 
an interest in facilitating the by-product consimiption of coal in 

^ Electricity generated from coal, as opposed to hydroelectricity as generated from water power. 
* Tnder present conditions the transmission line is part of the hydroelectric development. 
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the central generating stations using coal. This would come about 
naturally, however, for a central power station established under 
present conditions would find it profitable to consider by-product 
practice. As the inability to dispose advantageously of the surplus 
gas, in the case of coke manufacture, has been the chief retarding 
influence disfavoring the introduction of the by-product coke oven, 
the gasification of coal, with attendant recovery of ammonia, benzol, 
and tar, and the employment of gas engines or gas turbines, would 
probably represent the line of action to be followed by private enter- 
prise in entering upon the field as here outlined. 

In brief, the attachment of the power problem to the transporta- 
tion issue, where it belongs, will lead to the provision of a common- 
carrier system of electric transmission lines national in scope, and 
this in turn will involve the balanced and economical development 
of the coal and water-power resoxu'ces of the coimtry. The relief 
to transportation that such a development would bring would be 
great and far-reaching. In addition to this direct saving, there 
would accrue the gain in the values now lost, in the upgrowth of 
electrochemistry with its tremendous possibilities; and, by no means 
least, a diffusion of industrial opportimity such as would make for 
a more healthy industrial life and a unity of economic interest 
which would contribute notably to the welfare of the Nation.* 

PROBLEM OF DOMESTIC FUEL. 

Even with a complete readjustment of the power supply, it will 
still be necessary to transport a considerable amount of coal for 
small industrial users out of touch with the transmission lines and 
for domestic use. Leaving aside the first of these as representing a 
utilization so scattering as to be outside a practical plan for improve* 
ment, there remains a domestic-fuel consumption that runs something 
over a hxmdred million tons a year. This item presents a distinct 
problem. Thus far anthracite, which is smokeless, has been the fuel 
dependency of the American home. But anthracite comes only from 
a small area in Pennaylvania. Bituminous coal has alrelkdy been 
forced to take its place in the more distant States, and the growing 
price of anthracite, which is moimting along with the gradual deple* 
tion of deposits limited in size, is fast forcing this high-grade coal 

lAt the annual mooting of the Association of the Chambers of Commorce of the United Kingdom, held im 
London on April 9 and 10, 1918, the foUowing resolution was adopted in reg»r4 to the development of power 
in England: 

"That this association recognizing the urgent necessity to increase the produotlTity of oar industries 
after the war, as the chief means to meet the burden of the war debt of the Nation and to maintain high 
wages for the workers, urges His Mi^esty's Government— 

"(a) To recognize that the public supply of electrical energy for power, light, traction, heat, electro- 
chemical and other purposes as a key Industry in so much that all other industries are becoming increasingly 
dependent upon it. 

" (b) To hasten the amendment of the legislation which has hitherto hampered its efBdent development. 

** (c) To insure the supply at the earliest possible date of an ample and cheap supply of electricity for all 
purposes. 

*'(({) To oonserve our coal resources, the chief natural wealth of the country, by compelling the exercise of 
the Tna-rimnm possible cconomy in its use for Industrial, domestic, and all other purposes." 
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into the realm of a luxury. The homes of the country, therefore, 
mT28t look to a dependence upon bitummous coal. There is no 
alternative. 

But the dense smoke of bituminous coal is intolerable in view of the 
efforts going into civic improvements, which would come to nothing in 
event of widespread use of this dirty fuel. The trouble can not be 
corrected by the individual consumer; either the coal must be treated 
by a community operation or smoky cities must be put up with. It 
so happens, however, that coal smoke contains materials of great 
and growing commercial value. Hence, if coal can be treated on a 
large scale, the by-product values represented in the smoke will 
support the operation and give a smokeless fuel at a cost less than the 
present price of anthracite. It is technically possible to treat 
bituminous coal in large quantities so as to yield smokeless fuel, 
ammonia, benzol, and tar. The smokeless fuel can be recovered 
entirely in the form of gas, or else in the form of a solid artificial 
anthracite together with a smaller production of gas. The by- 
products have value for direct uses and form the starting point for 
the manufacture of valuable chemical products, as dyes, drugs, and 
fertilizers. On the basis of 1915 prices, a ton of coal which sold at 
the mines at slightly more than $1 contained values adding up to 
over $14. With this discrepancy between value realized and value 
attainable, it is believed that the technological possibility is likewise 
an economic possibility. Indeed, the present use of raw bituminous 
coal in homes is an anachronism. 

The lack of progress in domestic fuel is influenced by habit and by 
the relatively abundant supply of anthracite heretofore available, 
but more fimdamentally advance has been blocked by the virtual 
failure of public utilities in American municipal life. Had the public 
utilities function been soundly developed in the United States, the 
fuel needs of each community would now be served by public service 
corporations, at a saving to the community over the aggregate cost 
of its fuel under present conditions and at a great gain to the com- 
munity in cleanliness and health. 

As the default is laid at the doors of public utilities, it is desirable 
to examine more specifically wherein this type of activity has fallen 
down; for it is obvious that if domestic fuel has not adequately 
developed because of a flaw in public utilities administration, it can 
not be expected to develop adequately until this defect has been set 
aright. A public utility may be defined as a necessity in general 
use which does not lend itself to competition. This conception has 
been accepted for certain community essentials like water-supply, 
gas-supply, traction service, and the like. It is commonly recognized 
that the activities failing imder such heads can not be entrusted to 
the imrestricted competition of business enterprise. 
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But this recognition has been a matter of growth, not at all a sudden 
appreciation of the case. Looking merely at the main steps in the 
evolution of the public utility conception, we see that the distinctive- 
ness of the field first met formal recognition upon the insertion of 
certain clauses into municipal franchises, imposing in advance the 
restrictions deemed necessary in return for the privileges extended. 
This course of action clearly established a field of operations that 
differed from the setting accorded industrial activities in general; 
public participation in industrial affairs thus had its inception. But, 
inside the restrictions agreed upon in advance, the operating company 
had thef utmost freedom in regard to procedure, profits, and the like; 
under these conditions a public service organization still had incentive 
for advancing its practice and otherwise increasing its efficiency. 
This method of administration, however, while lucrative to private 
enterprise, proved a failure from a public-service viewpoint, due, in 
the main, to the corruptibility of municipal authorities. This 
rfigime covers a dark page in American mimicipal government. 

Following the failure of franchise control of public utilities, another 
step in the direction of furthered public oversight was ftdded in the 
form of public utilities commissions; this method of control has 
come extensively into vogue and its sphere of influence is spreading. 
The public utilities coromission carries public oversight from its 
initiation in the franchise over into the actual operations of the 
activity concerned. This method of administration, for which 
American municipalities have held high hopes, has likewise failed. 
It has succeeded in removing the incentive for progress, which was 
still present under the franchise regime, without supplying any 
activating influence in its stead. It insures in favor of the public 
for the full gain of any increased efficiency that may come into 
play, but in so doing it removes the industrial motive that makes for 
increased efficiency. While protecting the public from the appear- 
ance of gross extortion, at the same time it shields the public from 
gaining the advantages of technological advance. It puts a premium 
on stagnation; it defeats the purpose for which it was created.^ In 
the course of American industrial evolution, just in proportion as 
successive activities have come under our present type of public 
utility control, to the same extent have efficiency and progressive- 
ness fallen into abeyance. This is illustrated on the one hand by 
the gas works, one of the earliest public utilities to come under the 
present type of control and hence notorious for its inadequate practice; 
and, on the other, by the telephone service, scarcely yet affected by 
pubhc oversight and in consequence still highly efficient. Adequacy 

^ This is aside from the matter of integrity and wisdom on the part of the personnel of the oommissioii. 
No public utility organization can count on gaining anjrthing worth while by lowering its operating costs, 
because of a proportionate reduction in rates which will be demanded. 
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in industrial affairs seems to be in inverse ratio to the degree of 
public oversight extended over them. 

If this is the case, what then is the answer? The public utilities 
can not be tinned back into private hands; yet the entrance of public 
oversight into their administration is a withering influence, tending 
to set up ineffectiveness. There would appear to be no middle 
ground. The lesson of experience seems to say: Either go all the 
way in or stay out. Those pubhc utilities mider public ownership 
are effective : Witness the United States Post Office and the National 
Forests. Private industries are effective : See the industrial primacy 
of this country. Only those compromise activities, neither the one 
nor the other, are conspicuously faulty. 

If it is true, then, that pubhc participation in the conduct of 
business affairs exerts a withering influence, as seems to be unmis- 
takably evidenced in the case of the general run of pubhc utility 
activities, there arises a grave question as to the outcome of the 
current Federal control of industry, entered upon as a war measure 
and designed as a temporary expedient. While these measures, for 
the most part, will doubtless be laid aside according to schedule, it 
is a fair presumption that their emergency use will raise a significant 
call for an increased degree of Federal industrial control as a perma- 
nent establishment. In anticipation of such an issue it is desirable 
to draw the line sharply between (1) the great majority of industrial 
activities which require the utmost freedom for effective advance- 
ment, and (2) the relatively limited range of activities covering 
necessities in general use that do not lend themselves to competition, 
or, in other words, the field of pubhc utihties, whose evolutionary 
end-point is pubhc ownership. A failure on the part of the pubhc 
to draw the line of demarkation short of private industry, or an 
unwillingness on the part of private industry to concede to full 
pubhc control the region f aUing clearly under the heading of pubhc 
utihties, will lead to a disastrous confusion harmful to the welfare 
of industrial enterprise and the pubhc interest, and that is to say, of 
the nation as a whole. An adequate pubhc utihties conception will 
be a safeguard badly needed in the period of reconstruction to follow 
the coming of peace. To this end, the opportunity of clearing up 
the matter of pubhc utihties through the furtherance of the domestic- 
fuel issue holds an importance which should not be overlooked. 

Throughout this analysis the purpose has been to seek improvement 
through the means in hand — through stimulated evolution rather than 
enforced reconstruction. Prom this point of view we see that the 
fuel problem calls for central municipal plants, administered as public 
utilities, which will provide the fuel needs of the community along 
modern lines. Looking over the field, we observe that the municipal 
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gas plant, present in all cities, is the nearest approach to the needs of 
the situation; although under present conditions such plants provide 
only a small fraction of the community needs and furnish even that 
fraction in an obsolete manner and at an excessive price. Such gas 
plants are the logical points of attachment for the upgrowth of 
mimicipal by-product fuel plants. We may infer that the gas plants 
have not as yet gone into this larger field of fuel service because of 
their anomalous position, being neither private enterprise nor public 
enterprise, having their incentive for improvement removed by the 
public with no activating motive substituted in its place. 

But it is not the function of this paper to linger over the matter 
of public utilities longer than to emphasize the obstacle that the 
present type of administration intelrposes in the way of fuel progiess. 
But even accepting a lame horse, there may still be hope of progress ; 
indeed, exercise in the direction of progress may be just the thing to 
bring the whole public utility conception into good health. If so, the 
gain would be immeasurable, for few other outcomes are so necessary 
to the welfare of the common run of men. So, even as the matter 
stands, the situation has considerable possibihties if the organization 
concerned with the transportation of energy will serve as a coordinating 
influence, in recognition of the fact that domestic fuel is an integral 
part of the energy problem as a whole. Domestic fuel, in point of 
fact, concerns transportation directly, for proper utilization through 
increased recovery of energy will cut down one-half or more the car- 
riage of the coal involved. Moreover, full utilization, whether at the 
distributive points or at the production centers, needs to be brought 
to a common basis of practice and effectiveness. Besides, the pro- 
vision of an adequate municipal fuel supply would of necessity serve 
an attendant fringe of gas-fired industries, thus necessitating a balance 
against the type of electrical service also brought into the community 
under the auspices of a common-carrier system. Hence, on several 
counts, the central transportation administration becomes the logical 
overseer of this pendant activity.* 

The energy-transmission organization may quite appropriately 
assume the duty of stimulating municipalities toward attaching a 
centralized fuel service to their gas manufacture. Under the present 
regime mimicipalities have no standards against which they can 
measure the attainments of their pubhc utihties, no means of knowing 
what correct practice is, nor what is now attainable. The central 
organization can provide this standard, which can be made to serve 
in lieu of the competitive spur which holds business enterprise in the 
line of progress. In this respect the central organization will (a) 
establish a model plant to demonstrate what can be accomplished, 

> If the power problem la left in abeyanoe, the domestio fuel matter may sttU progress, though less 
rapidly, through the stimnliis of a more specLflc activity. 
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(b) cooperate withmuniciplil enterprises to duplicate this model, and (c) 
keep track of the situation the country over, and in general serve as 
a clearing house for the balanced advancement of the whole matter. 
In general the by-products turned out will find a ready market, but 
their disposition may be enhanced by a constructive program look- 
ing toward a proportionated development of those various industries 
which carry forward the first products into a diverging series of 
refinements. In a word, this organization wiU be in a position to 
lend its influence to a constructive use of the principle of multiple 
production. The time is so ripe for the full utilization of coal that 
there would seem to be wanting merely the central agency, such as 
has been sketched above, to set the whole thing in motion. Not only 
would the gain accrue to fuel, but in this way a new standard would 
be set for the public utihties in general.^ 

PROBLEM OF OIL. 

Petroleum presents an entirely different problem from coal and 
water power. The issue is technically more complicated than is the 
case with its two companions, because of the fact that most of the 
petroleum is subjected to various degrees of refining and hence 
brought into use in the form of a number of products of varying 
importance and value. These products are gasoline, kerosene, fuel 
oil, lubricating oil, and a group of by-products. The utilization of 
petroleum involves considerable waste, for the total output is not 
turned into the most valuable range of products attainable. This is 
due to the fact that production is far in excess of the demand for high- 
use products. The wastes in utilization go back, then, to the fact 
that there is a gross overproduction of the crude product. This over- 
production results from the small-unit competitive type of mining in 
vogue in the United States, whereby the geologic unit or pool is 
divided arbitrarily into many small holdings separated by vertical 
boundary planes. Petroleum is a migratory mineral moving under- 
groimd in the direction of lowered pressure; hence each individual 
producer is forced to race with his neighbor for the extraction of the 
product. This type of procedure is the inevitable result of such cir- 
ciunstances, and not only contributes an output far in excess of what 
is legitimately needed, therefore causing the surplus to be used in 
lieu of coal and water power, but it also contributes to the practical 
destruction of a large proportion of the oil underground so as to put 
it out of reach of future recovery. The total losses underground, in 
handling and in utilization, are estimated to run up to 90 per cent of 
the resource. 

^ It wdold appear that this matter would also enlist the active Interest and oooperition of tbe Chamber 
of Commeroe of the United States of Amerloa. 
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This small resoirrce-recovery takes on importance in view of the 
fact that the immined reserve of petroleum is very small — ^about 70 
barrels to each person, little over fifteen years supply at the present 
rate of consumption. This is especially significant because of the 
growing importance of the automotive activity and the fact that 
the world's machinery is lubricated by oil. 

In the normal course of events the maladjustment between the 
method of exploitation and geological occurrence will straighten 
itself out; but only at the expense of much of the resource, and in 
response to a mounting value of the product, which will ultimately 
react to insure proper production. But petroleum is too essential 
for the country to await this time without eflPort to improve matters. 

Part of the petroleum resource is still xmder Federal ownership 
on public lands, and in respect to this the Grovemment can insure 
proper exploitation by the enactment of proper legislation providing 
for the elimination of the discordance between occurrence and method 
of production. Legislation is now pending regarding the public oil 
lands, but the true nature of the issue is not met therein. 

In respect to the oil lands in private hands, the Federal Govern- 
ment has no such direct jurisdiction. But it may be said that the 
whole Federal policy thus far, so far as the attitude to date may be 
termed a policy, has been in opposition to an integrative trend ui 
oil production, and hence has retarded progress. For the most part 
the large agencies in the oil business do not engage primarily in oil 
production, but purchase their oil from a thousand and one individual 
producers who do the exploration and drilling and stand for the 
gains or losses under this head as the case may be. Improvement 
in this situation may be hastened by a proper attitude toward inte- 
grated production. ^Recognition of the necessity for integration in 
oil production will go far toward insuring progress, even if no specific 
legislative means are worked out for pressing the issue further. 

A larger-scale type of production financially affiliated with trans- 
portation and refining activities will hold the oil under ground until 
needed for the production of motor-fuel, lubricating oil, and by- 
products; and such a procedure will set aright the whole situation, 
thus bringing about a longer resource life, turning the products to 
their highest uses, and leading to a significant development of the 
by-product values still imperfectly drawn from the crude material. 
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As a final summary expression, the main issues in the entire 
situation may be brought together in a tabular view, as follows: 

Tabular analysis of the energy situation (all details and qualifications omitted). 



Tbe prlndpalresouroes. 


Coal; oil; water-power. 


The main probtems 


p„-^/C5oal power 

^^^'^tWaterpower 


) Smokeless 
>Domestilo fuel solid fuel. 
* Gas 


1 
-Motor fueL 






Utilisation 


Fioduotlon. 










What is wrong 


Transportation facfUties 
suitable only for haul- 
ing ooal. 


Wasteful utilization due 
to improper public util- 
ities oevelopment. 


High resource waste due 
to lack of adjustment be- 
tween method of petro- 
leum mining and geolo- 
ical occurrence. 


What is needed 


A common-canler system 
lines. 


Municipal public utility 
fuel plants, with by- 
product practice, under 
the coordinating influ- 
ence of the common-car- 
mentioned. 


Proper legislation and ap- 
pucatlon of construotiye 
economic policy. 




ooal and water power. 

Relief to transportation 

Cheapened electric power. 

Upgrowth of electroobem- 
ioil industries. 

Contribution of fertUiiers 
and other ooalproduots. 

CoDtribntion to solution 
of nitrogen problem. 

OontribuEon to lowered 
cost of living. 

Nationalization of indus- 
trial opportunity. 


Slimtnation of smoke 
from cities. 

Elimination of waste. 

Contribution to fertilicer 
and coal-produots in- 
dustries. 

Reduction in cost of Uv- 

Contrlbution to solution 
of nitrogen problem. 

Improvement in public 
utilities effectiveness. 


Inoroased supply of motor 
fuel from limited re- 
source. 

Elimination of unjustifl^ 
able wastes. Mainte- 
nance of cheap motor 
fuel. 

Prolonged supply of lu- 
bricants. 

Postponement of petro- 
leum exhaustion. 

Bevelopment of by-prod- 
ucts. 




i^nfmdftl gain . . 


Economies and new sources of income adeauate to ofbet. In larce nart. the expense 




of the war. 







In short, the whole energy situation, while extremely complicated, 
reduces itself to a fundamental basis in which two courses of action 
on the part of the Government will bring about the proper develop- 
ment of the whole matter. (1) The provision of a common-carrier 
system for the transmission of electrical energy will (a) lead to a 
balanced development of coal power and water power and (6) serve 
as a coordinating influence in the building up of municipal public 
utility fuel plants. (2) The application of a constructive economic 
policy to the conditions surrounding the production of petroleum will 
largely correct the circumstances that are now hastening a premature 
exhaustion of the petroleum resource. The adoption of the first line 
of action will involve a recognition of the importance of the energy 
problem such as will throw sufficient publicity upon petroleum 
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production to insure revision here that will set petroleum aright. 
So the focal point of the entire situation is transportation; energy 
transmission, with all that entails^ provides the key to the vast range 
of possibilities awaiting the coordinated, scientific development of 
coaly oil, and water power. 

The procedure, to repeat, is through the agency of transportation. 
The tools with which this agency will work are the principle of 
electricity and the principle of multiple production — ^both modem 
forces imknown to the old order, neither cultivated as yet to con- 
structive ends. The directed employment of these forces may be 
made to indicate the power of modem technical knowledge so clearly 
as to create, through enlightened public opinion, a constructive 
economic policy which may not only stem a wholly imwarranted 
drain on petroleum, the country's most limited resource, but also 
shape the whole industrial growth of the Nation into the channels 
of most effective progress. 

In conclusion, the pivotal importance of the energy resources can 
not be emphasized too strongly. They are what they appear to be, 
and very much more besides. They provide the energy from which 
modem civilization draws its very existence ; they involve the supply 
of fertilizers, upon which an adequate food supply is dependent; they 
furnish raw materials for the production of an enlarging series of 
commodities, without which a nation is helpless in the struggle for 
existence. The time has passed when an adequate endowment in 
energy materials is sufficient; the energy resources must now be 
brought to their highest point of effectiveness. This matter is too 
near the bottom of things to be neglected. It can not be neglected. 
A nation which fails at this point will pass. 



PXJBLIOATIONS OF THE DIVISION OF HENTBRAL TEOHNOLOGT, 
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Publication 2421, Smithsonian Institution. Sources of nitrogen 
compounds in the United States, by Chester O. Gilbert. Issued June 
30, 1916. 12 pp. 

Nitrogenous compounds are essential not only to self-defense but to the country's 
capacity for self-support, and to be effective the source must be such that the products 
may be adaptable to meet either requirement. Tliis paper reviews the merits of the 
three principal processes for manufacturing nitrogen compounds from the atmosphere, 
with the following conclusion: The arc method has not thus far demonstrated capacity 
to meet the agricultural requirement at all, or even the defense requirement effi- 
ciently. Definite knowledge concerning the Haber process is lacking, but its record 
of achievement is against it, and it would seem, moreover, unsuited to American 
conditions, at least in the present state of its development. The cyanamid process 
is capable of a development which will meet the requirements for a cheapened nitro- 
genous fertilizer source whose form of nitrogen content is readily convertible to nitric 
add. The process is already a prominent factor in the economic well-being of mo<;c 
cpuntries of older civilization and is capable of similar extension in the United States. 

Bulletin 102, part 1. Coal products: An object lesson in resource 

administration, by Chester G. Gilbert. Issued November 17, 1917. 

16 pp., 11 pis. 

The chemical industries of this country are notoriously weak; in fact, up to the 
outbreak of the present war we had relatively few chemical industries, yet no field 
of industrial activity is more essential to the country. The most important of all 
the chemical industries is that represented in the manufacture of coal products. 
The purpose of this paper is to bring out the reason for the lack of the chemical indus- 
tries in general and the coal products one in particular, with a view to determining 
where the fault Ues and what should be done to correct it. 

Bulletin 102, part 2. Fertilizers: An interpretation of the situa- 
tion in the United States, by Joseph E. Pogue. Issued October 10, 
1917. 22 pp., 1 pi. 

The fertilizer resources of the United States are viewed in the light of their impor- 
tance under war-time conditions, when, on the one hand, an increasing supply is 
needed for the production of an added output of foodstuffs, and, on the other, the 
foreign sources of supply from which much of our mineral fertilizer is drawn have 
been cut off or endangered. The rather remarkable circumstance that this country 
has been dependent upon Chile for nitrogen, upon Germany for potash, and upon 
Spain for pyrite used in the manu^ture of sulphuric acid, is pointed out in respect 
to developing national independence as regards these fundamental materials. The 
paper is accompanied by a chart which shows in one expanse the whole fertilizer 
situation, with particular regard to the effects of the war upon it. The purpose of 
the paper is to emphasize to the general public as well as to those more directly inter- 
ested in fertilizers the importance of dealing with this matter as a broad and funda- 
mental problem affecting the basic matter of food supply. 
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Bulletin 102, part 3. Sulphur: An example of industrial inde- 
pendence, by Joseph E. Pogue. Issued November 7, 1917. 10 pp., 
1 fig., 3 pis. 

Two sulphur deposits near the Gulf coast in Louisiana and Texas, worked by an 
ingenious and efficient mechanical process, not only are supplying practically all of 
the crude sulphur in this country, but their development has shifted the world's 
largest sulphur industry from Sicily to the United States. The geological occurrence 
and method of working the Gulf deposits by means of the Frasch process are described 
in nontechnical language. The bearing of these deposits on the sulphuric acid situa- 
tion is discussed and the need pointed out for a determination of the sulphur re- 
sources present in the whole Gulf region, with a view to defining a proper adjustment 
between the needs of the sulphur industry and the sulphuric acid industry. 

Bulletin 102, part 4. Coal: The resource and its full utilization, 

by Chester G. Gilbert and Joseph E. Pogue. Issued February 21, 

1918. 26 pp. 

The cost of fuel in the home is roughly four or five times the first cost at the mine. 
In other words, the cost to the consumer is out of all proportion to the price at the pro- 
ducing end. This discrepancy means an extravagant price for fuel in the home and 
is due to wastefulness of economic procedure all the way down the line between produc- 
tion and consumption. It is the purpose of this paper to analyze the situation and 
point out economic changes needed to better conditions. 

Bulletin 102, part 5. Power: Its significance and needs, by 

Chester G. Gilbert and Joseph E. Pogue. Issued September 21, 1918. 
In this country tremendous emphasis is placed on the use of power; the result is a 
growing burden on transportation which must be solved. The present transportation 
difficulty is in a measure an expression of this problem. The purpose of this paper is to 
develop the general nature of the situation and suggest the character of remedial 
action called for. 

Bulletin 102, part 6. Petroleum: A resource interpretation, by 

Chester G. Gilbert and Joseph E. Pogue. Issued August 7, 1918. 

74 pp., 12 figs., 3 pis. 

Petroleum is of particular significance because, of all our important resources, it is 
most limited and involves the highest percentage of waste. Scarcely one-tenth of the 
value of the resoiuce is recovered under present circumstances, while the unmined 
supply available under current practice is only about 70 barrels to each person. This 
paper makes an economic study of the resource and the industry engaged in its develop- 
ment, and traces the causes of waste to certain maladjustments in the economic situa- 
tion, pointing out how these may be remedied by a constructive economic policy 
applied to the matter. The desirability of developing shale oil to replace petroleum 
as it becomes incapable of meeting the demand is gone into and the advisability of 
using benzol and alcohol as substitutes for gasoline is considered. The natural gas 
industry is also treated. 

Bulletin 102, part 7. Natural Gas: Its production, service, and 
conservation, by Samuel S. Wyer. Issued December 28, 1918. 

Bulletin 102, vol. 1. The energy resources of the United States: 
A field for reconstruction, by Chester G. Gilbert and Joseph E. 
Pogue. 

This paper brings together the substance of parts 4, 5, and 6 of Bulletin 102, to- 
gether with an introduction and a conclusion that coordinate the details of the dis- 
cussion and draw forth the main issues. It is concluded that the whole matter involves 
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the threefold problem of fuel supply, power supply, and transportation, and that the 
entire field may be cleared by (1) providing a common-cairier system of electric trans- 
miasion lines which will (a) lead to a balanced development of coal-power and water- 
power, and (h) serve as a coordinating influence in stimulating by-product recovery 
from coal in central power stations, and especially in municipal, public utility fuel 
plants; and (2) appl3dng a constructive economic policy and appropriate legislatibn 
to the conditions surrounding petroleum production so as to bring the method of pro- 
duction into conformance wiUi the geological occurrence of the resource. It is be- 
lieved that these measures would effect economies ofbetting, in laige part, the cost of 
the war. 

Note. — ^The papers listed above as parts of Bulletiii 102 are mem- 
bers of a series entitled "The Mmeral Industries of the United 
States/' 

7W68"— 19— Bull. 102, vol. 1 12 
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